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AMENDED CLAIMS 
r rec eived by the International Bureau on 9 September 1988 1 (09 '.OS 1.88); 
1 "Sal claims 1-22 replaced by amended clams 1-25 (4 pages)] 

1. A multivalent metal, Ag+, Au+ or quaternary 
ammonium complex of a polysulphated polysaccharide 
selected from the group consisting of polysulphates of 
dermatan, keratan, xylan, chrondroitin, hyaluronic acid, 
chitin, starch, amylopectin, cellulose, amylose, alginic 
acid and pectin. 

2. A complex as in claim 1 wherein the polysulphated 
polysaccharide is selected from the group consisting of 
polysulphates of dermatan, keratan, xylan, chondroitin and 
hyaluronic acid. 

3. A complex as in claim 1 or claim 2 wherein the metal 
ion is selected from the group consisting of Ag + , Au + , 

Ca 2+ , Mg 2+ , ea 2+ » **> 2+ > Cu2+ » Zn2+ ' Au2+ ' 
Pd 2 +, Pd4+, Pt 2+ and Pt 4+ . 

4. A complex as in claim 3 wherein the metal complex 
includes a proportion of monovalent ions. 

5. A complex as in claim 3 or claim 4 wherein the metal 
ion is Zn 2+ . 

6. A complex as in claim 1 wherein the quatenary 

• ammonium compound is selected from pyridinium chloride, 
cetylpyridinium chloride, N-Cetyl-N,N,N- trialkylammonium 
chloride or their derivatives. 

7. a comples as in claim 5 or claim 6 wherein the 
pentosan polysulphate is xylan polysulphate. 

8. A complex as in claim 7 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons,. and a sulphur content of about 16%. 

9. A composition suitable for treating arthritis and 
allied inflammatory or degenerative joint diseases 
comprising a pharmaceutical^ acceptable carrier, a 
polysulphated polysaccharide selected from the group 
consisting of polysulphates of dextran, dermatan, keratan, 
xylan, chondroitin, hyaluronic acid, chitin, starch, 
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amylopectin, cellulose, amylose, alginic acid, pectin, and 
multivalent metal, Ag+, Au* or quaternary ammonium 
complexes thereof, and at least any one of the compounds 
selected from the group consisting of hyaluronic acid or 
water soluble salts thereof and corticosteroids. 

10. • A composition as in claim 9 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof, a corticosteroid and a 
polysulphated polysaccharide selected from the group 
consisting of polysulphates of dextran, dermatan, keratan, 
xylan, chondroitin, hyaluronic acid, chitin, starch, 
amylopectin, cellulose, amy lose, alginic acid, pectin, and 
multivalent metal, Ag+, Au+ or quaternary ammonium 
complexes thereof. 

11. A composition as in claim 9 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof and a polysulphated 
polysaccharide selected from the group consisting of 
polysulphates of dextran, dermatan, keratan, xylan, 
chondroitin, hyaluronic acid, chitin, starch, amylopectin, 
cellulose, aaylose, alginic acid, pectin, and multivalent 
metal, Ag+, Au* or quaternary ammonium complexes 
thereof. 

12. A composition as in claim 9 comprising a 
pharmaceutical^ acceptable carrier, a corticosteroid and 
a polysulphated polysaccharide selected from the group 
consisting of polysulphates of dextran, dermatan, keratan, 
xylan, chondroitin, hyaluronic acid, chitin, starch, 
amylopectin, cellulose, amylose, alginic acid, pectin, and 
multivalent metal, Ag*, Au+ or quaternary ammonium 

complexes thereof. ^ ^ 

13. A composition as in any one of claims 9 to 12 wherein 
the hyaluronic acid is of relatively high molecular weight 
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14. A composition as in any one of claims 9, 10, 12 or 13 
wherein the corticosteroid is selected from the group 
consisting of hydrocortisone, prednisolone and 
triamcinolone as water soluble derivatives. 

15. A composition as in any one of claims 9 to 14, 
wherein the pentosan polysulphate is xylan polysulphate. 

16. A composition as in claim 15 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons and a sulphur content of about 16%. 

17. A composition as in any one of claims 9 to 14 wherein 
the polysulphated polysaccharide is a heterogeneous 
semi-synthetic glycosaminoglycan polysulphate in which 
about 93% of the disaccharide repeating units is hexuronic 
acid glycosidically linked to galactosamine, the sulphur 
content is about 13.0% and the molecular weight is about 
10,000 Daltons. 

18. A composition as in any one of claims 9 to 14, 
wherein the metal ion is selected from the group 
consisting of Ag+, Au+, Ca 2+ , Mg 2+ , Ba 2+ , 

Pb 2+ , Cu 2+ , Zn 2+ , Au 2+ , Pd 2 +, Pd* + , Pt 2+ and 
Pt 4+ . 

19. A composition as in claim 18 wherein the metal 
complex includes- a proportion of monovalent ions. 

20. A composition as in claim 18 or claim 19 wherein the 
metal ion is zn 2+ and the polysulphated polysaccharide 

is xylan polysulphate. 

21. A composition as in claim 20 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons and a sulphur content of abut 16%. 

22. A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
administering to an effected joint, an effective amount of 
a composition as claimed in any one of claims 9 to 21. 

23. A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
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administering to an affected joint, an effective amount of 
a complex as claimed in any one of claims 1 to 8. 

24 A method for the treatment of tumours, comprising 
administering to an animal having a tumour an effective 
amount of a complex as claimed in any one of claims 1 to 8. 

25 A method of inactivating a virus, comprising 
contacting the virus with an effective amount of a complex 
as claimed in any one of claims 1 to 8. 
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The present invention relates to compounds, 
compositions and methods for the treatment of arthritis 
5 and allied inflammatory conditions. More particularly the 
invention relates to novel metallo complexes of 
polysulphated polysaccharides, compositions including 
those compounds, compositions including any two of the 
compounds selected from hyaluronic acid or water soluble 
10 salts thereof, corticosteroids and compounds capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage and methods for 
treating arthritis and allied inflammatory conditions 
• using these compounds and compositions. 
15 p^rrennTTMP ART 

Arthritis and other related inflammatory conditions 
are generally debilitating, painful diseases that affect 
the Joints of a significant portion of the human and other 
animal populations. As a result of the wide spread 
20 occurrence of such diseases, considerable medical effort 
has been directed towards producing and identifying 
therapies that are able to at least relieve some of 
attendant pain, and produce regression of the malady. 
As a result of this work, many compounds have been 
25 found to be useful in the treatment of such inflammatory 
diseases with varying degrees of success being achieved in 
relieving the pain of the disease and the restoration of 
the affected joints to normal function. 

One of the earliest compounds to be used to treat 
30 inflammatory disease, which was found to have some effect 
in relieving" pain, was salicylic acid. Unfortunately, 
this compound was found to be excessively irritating to 
the gastrointestinal tract. Accordingly, many derivatives 
of salicylic acid were evaluated for anti-inflammatory 
35 activity which resulted in the identification of aspirin 
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as an effective and rel: rvely safe anti-inflammatory 
compound. 

Since the discovery of aspirin, many other compounds 
have been produced which are claimed to be more effective 
5 than aspirin. These include such compounds as the 
phenylacetic acids exemplified by ibuprofen and more 
recently identified compounds such as naproxen and 
sulindac. Strong anti-inflammatory potency has been 
achieved with the corticosteroids (e.g. hydrocortisone, 

10 dexamethasone, prednisolone, methyl prednisolone, 

betamethasone, paramethasone, and triamcinolone) as their 
water soluble and insoluble derivatives and these are also 
widely prescribed. 

However, all of these prior art compounds and 

15 compositions whilst displaying satisfactory analgesic 
anti-inflammatory properties, in that they relieve joint 
pain to a certain extent in most cases, any beneficial 
effect that they have in restoring joint function is 
usually only transitory* 

20 Furthermore, prolonged therapy with these prior art 

compounds and compositions while providing continuing pain 
relief for many sufferers can lead to breakdown and 
failure of connective tissues, particularly articular 
cartilage which in fact may exacerbate the problem. 

25 Examples of this phenomenon are described byi Newman and 
Ling, Lancat July 6, 11-14, 1985? Watson, RhPlim . Reh a b 
15, 26-30, 1976; McKenzie, Horsburgh* Ghosh and Taylor 
fl^, Ffr*™-. mm. 38. 487-417, 1976? Burkhardt and Ghosh, 
c^<^« in «nH Whpnmatlsm. Suppl.l, 11,' 1-34 > 

30 1987. Corticosteroids, while still extensively used as 
anti-inflammatory agents for intra-articular treatment of 
severe rthropathies, are amongst the most potent 
inhibitors of connective tissue growth, repair and 
biosynthesis of matrix components (see Silbennann et al., 

35 Mineral 2, 87-106, 1987? Rimra, Mf . .T. I)la. 
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rhlld . 132 . 806-810, 1978; Canalis, Endocrinol r>gy r H2, 
931-939/ 1983; Reynolds, r.mii. Rm. ±1, 174-189, 

1966; Oikarinen, m«ftn«ni. Pharmacol. 2L, 875-879, 1977, 
Silbermann et al., Gxaxth, 12, 77-96, 1983, Saami, 
5 H^nhom. PhAT-n,»p 0 l. 2L, 1961-1966, 1977 Olah, and 
Kostenszky, Biol , - w«na. 21, 129-134, 

1976). Many clinical reports have appeared condemning the 
long term uses of these agents, reviewed by Neustadt, in 
"Osteoarthritis, Diagnosis and Management, Chapter 19, 

10 Eds. Moskowitz, Howell, Goldberg, Mankin, W.B. Saunders 
and Co. 1984). 

In more recent times, considerable research has been 
conducted to elucidate the causative mechanism of 
arthritis and other inflammatory diseases. Included in 

IS this work has been investigations of the normal joint 
function and the recognition of pathological signs 
associated with the disease. 

As a result of the aforementioned work, hyaluronate 
has been identified as one of the major non-protein 

20 components present in the synovial fluid of animal joints 
and it has been found to be largely responsible for the 
Theological properties of synovial fluid, these properties 
being dependent on the concentration and molecular size of 
the hyaluronate. It should be noted that hyaluronate is a 

25 naturally occurring glycosaminoglycan present in many 

tissues, in addition to the synovial fluid, of the bodies 
of animals. 

As a consequence of this latter finding, work has 
been directed towards determining the role of hyaluronate 

30 in normal joint function and the changes, if any, that 
occur in diseased joints. The findings of this latter 
work has led to the suggestion that application of 
hyaluronate, obtained from disease free tissues, to 
diseased joints may assist in restoring normal joint 

35 function and the relief of pain associated with the 
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diseased joints. 

However, it would appear that the results of such 
treatments in the past have been disappointing since the 
newly introduced hyaluronate is itself rapidly broken down 
by the inflammatory cells free radicals and their enzymes 
within the joint thereby losing its beneficial properties. 

This finding also suggests that even if hyaluronate 
of the correct molecular size range was applied to 
diseased joints, it is likely that only temporary relief 
would result unless th* hyaluronate was provided to the 
joint on a continuous sis. 

Moreover, it has been found in vitro by the present 
inventors that hyaluronate synthesized by cells derived 
from arthritic synovial joints is of a smaller molecular 
size than that normally secreted. This finding suggests 
that to further restore normality of function the 
production of hyaluronate within the joints should be 
controlled to ensure that the hyaluronate produced is of 
the correct molecular size range. 

in accordance with the finding of molecular size 
reduction of hyaluronate in diseased joints, as well as 
the rapid breakdown and loss of normal size by hyaluronate 
when introduced into the pathological joint, and the 
benefit to be gained by controlling the synthesis of 
hyaluronate of the correct molecular size range, the 
present inventors have surprisingly found that by 
combining hyaluronate with compounds which suppress the 
migration into the joint of inflammatory cells, the 
release by these cells of inflammatory mediators, free 
radicalV and proteolytic enzymes, then the integrity and 
biosynthesis of the hyaluronate may be preserved. 

The present invention consists in a first aspect in a 
composition for treating inflammatory joint diseases 
comprising a pharmaceutical* acceptable carrier, and at 
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least any two of the compounds selected from the group 
consisting of hyaluronic acid or water soluble salts 
thereof, corticosteroids and compounds capable of 
maintaining the integrity of connective tissues, 
5 particularly joint articular cartilage. 

In a second aspect, the present invention further 
consists in a method for the treatment of inflammatory 
joint diseases, comprising administering to an affected 
joint, an effective amount of a composition comprising a 
10 pharmaceutically acceptable carrier, and at least any two 
of the compounds selected from the group consisting of 
hyaluronic acid or water soluble salts thereof, 
corticosteroids and compounds capable of maintaining the 
' integrity of connective tissues, particularly joint 
IS articular cartilage. 

In one embodiment, the inventive composition 
comprises a pharmaceutically acceptable carrier, 
hyaluronic acid or water soluble salts thereof, a 
corticosteroid and a compound capable of maintaining the 
20 integrity of connective tissues, particularly joint 
articular cartilage. 

The advantage of the inventive composition and method 
are clear in that they offer the possibility of being able 
to effectively treat a range of inflammatory joint 
25 diseases. 

Compounds of the invention which are capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage include 
polysulphated polysaccharides such as xylan polysulfate or 
30 Arteparon (registered trade mark of Luitpold GmbH for 
dextran sulphate). 

The most preferred corticosteroids include 
hydrocortisone, prednisolone and triamcinolone as water 
soluble derivatives. 
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FIGURE 1 - Effects of Pentosan polysulphate (SP54») 
and Arteparon» at various concentrations on the in vitro 
biosynthesis of hyaluronic acid by human synovial 

5 fibroblasts . 

FIGURE 2 - Effects of (A) hyaluronic acid (HA) alone, 
(B) pentosan polysulphate (SP54") alone, and (C) a 
combination of HA and SP54 on the in vitro biosynthesis of 
HA by human synovial fibroblasts. 

10 FIGURE 3 - From the 1'C-NHR data the position of 

the zinc [A] and calcium [BJ atoms in the complexes formed 
with Pentosan polysulphate are shown as black spheres. 
Note that in the sine complex [A] the metal resides in the 
cleft between the pentosan rings, whereas in [B] the 

15 calcium occupies a position across the C-3 and C-5 
positions of the sugar ring and close to the sulphate 
groups. 

FIGURE 4 - Sephadex G-25 chromatography of DH40G 
using HEPES buffer (50nH) at pH 7.0. Fractions were 
20 assayed for sulphated polysaccharides using the Famdale 
et. al. assay (Connective Tissue Research, 2, 247-249, 
1982), Zn was determined by atomic absorption spectroscopy 
and is shown as ug/ml (g§| ). 

FIGURE 5 - Inhibition of human granulocyte eUstase 
25 (HGE) by Pentosan polysulphate (SP54» ) ( £ ) # 

DH40J ( A ) «"* DH40Y ( A > • Tn » ICS 0. (ug/ml) for these 
three drugs are shown. 

FIGURE 6 - inhibition of human granulocyte elastase 
(HGE) by Pentosan polysulphate (SP54«) (fl| }, 
DH40J ( 0 )/ ZnSO« ( [J ) and ZnS0 4 + SP54- in the 
ratio of (ItOtlff) (Q )• mm 

FIGURE 7 - Anticoagulant effect of Heparin ( B ) 
Pentosan polysulphate (SP54* ) (0 ), DH40J ( A >< 
DH50 ( A ) DH8 ° ( X ) gainst guinea pig plasma. 
FIGURE 8 - Anticoagulant ability of Heparin ( ^ ) , 
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Pentosan .polysulphate (SP54") (£ ), DH406 ( £ ) and 
DH40J ( ) against guinea pig plasma. 




prothrombin time of normal human plasma. 
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FIGURE 9B - Anticoagulant effect of Heparin ( ^ ) 
Pentosan polysulphata (SP54*) ( )# Dextran 
polysulphate (DS5000) (£)' Dextran polysulphate 
(DS5000) + ZnS0 4 in the ratio of (1*0.47) ((B) ), 
Dextran polysulphate (DS5000) -Zn chelate complex (H ) 



FIGURE 10 - Schematic representation of the methods 
used to evaluate the inhibitory effects of drugs on IL-1 
(in macrophage supematants) mediated degradation of 
cartilage in vitro. 3 '-Sulphate was used to radiolabel 
proteoglycans in rabbit joint articular cartilage. 
Thioglycolate was used to stimulate accumulation of 
activated macrophage in rabbit peritoneal cavity. 

FIGURE 11 - Effects of DH40G or saline control on the 
IL-1 mediated degradation of rabbit cartilage in vitro. 
In the control groups* 
( B ) s cartilage incubated alone 
( ^ ) " cartilage + 5 x 10 4 macrophage 
( ) " cartilage +1:10 dilution of macrophage culture 
media 

In the DH40G. group the experimental conditions were the 
same as controls but 200ug/ml of drug was used. 

FIGURE 12 - Proteoglycan content (as determined by 
Uronic acid) of articular cartilages implanted in rat air 
pouches subjected to (1) physiological saline ( Q ), (2) 
peptone ( ^ ), and (3) peptone + DH40J ( Q ) treatment 
for seven days at 10mg/kg/day. ** Indicates statistically 
different to non-drug treated group (2) (p< 0.001). 

FIGURE 13-4.0 M-GuHCl extractability of 
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proteoglycans from articular cartilage removed from rat 
air pouches after treatment with (1) physiological saline 
( ■ ), (2) peptone ( ^ ), and (3) peptone + DH40J ( Q ) 
treatment at 10mg/kg/day for seven days . ** Indicates 
5 statistically different to non-drug treated group. (2) 
(p< 0.005). 

FIGURE 14 - Aggregation (as a % of total present) of 
proteoglycans extracted from articular cartilages 
implanted in rat air pouch subjected to (1) physiological 

10 saline ( ■ ), (2) peptone ( ^ ), and (3) peptone + DH40J 
( Qj ) treatment at lOmg/kg/day for seven days . ** 
Indicates statistically different to non-drug treated 
group (2) (p < 0.001). 

FIGURE 15 - Effects of Pentosan polysulphate 

15 (SP54«) ( # >, DH40J ( | >, ZnSO« ( Q ) and SP54» 

+ ZnS0 4 in the ratio of l.OtQ.2) ( O > oa DN * • vnth « 8j - s 
by a human synovial fibroblast line derived from synovium 
of an osteoarthritic joint. 

FIGURE 16 - Effect* of Pentosan polysulphate 

20 (SP54*)' ( £ ), DH40J ( ^ ) and DH40T ( A ) on the in 
vitro synthesis of proteoglycans by rabbit articular 
chondrocytes. Vales shown are means ± SD, n » 4. 
* Indicates values statistically significantly different 
from SP54« (p < 0.01). 

25 FIGURE 17 - Effects of hydrocortisone at various 

molar concentrations (X) on the in vitro biosynthesis of 
hyaluronic acid by a synovial fibroblast cell line derived 
from OA. joint. 

§3 - mean . n?. s 9* 

30 FIGURE 18 - Effects of various concentrations (ug/ml) 

of DH40J on the' in vitro biosynthesis of hyaluronic acid 
by a synovial fibroblast line derived from OA joints. 

Hi = mean Q - SD. 
Note* at O.lOug/ml DH40J was approximately 2x more 

35 stimulatory than SP54" at the same concentration. 
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FIGURE 19 - Combined effects of hydrocortisone (at 
10- 6 M) and Pentosan polysulphate (SP54") at various 
concentrations on the in vitro biosynthesis of hyaluronic 
acid by a synovial fibroblast line derived from OA joints. 
5 ^ - mean □ - SD 

Note i at 0.25ug/ml biosynthesis of HA suppressed by 
hydrocortisone was almost, but not totally, restored to 
control value. 

FIGURE 20 - Combined effects of hydrocortisone (at 
10 10" 8 M) and Pentosan polysulphate (SP54") at various 

concentrations on the in vitro biosynthesis of hyaluronic 
acid by a synovial fibroblast line derived from OA joints. 

^ - mean □ - SD 
Note: that at concentrations between 0.1-1. Oug/ml SP54" 
15 fully restored synthesis to control values even in the 
presence of hydrocortisone. 

FIGURE 21 - Combined effects of hydrocortisone (at 
10" •M) and DH40J at various concentrations on the in 
vitro biosynthesis of hyaluronic acid (HA) by synovial 
20 fibroblasts derived from OA joints. 
Q » mean □ - SD 
Notes at 0.25ug/ml DH40J restored the biosynthesis of HA 
to normal values. 

Polysulphated polysaccharides such as heparin and 
25 those derived from chondroitin, karat an, dermatan, chitin, 
dextran (polyglucoses) , xylans (polypentoses) , starch, 
amylopectin,' cellulose, amy lose, alginic acid, pectin, 
inulin and hyaluronic acid have been shown to have a 
variety of biological activities. Note that heparin is 
30 the only naturally occurring polysulphated 

polysaccharide. The most widely studied activities 
includes inhibition of acid and neutral proteinases (e.g. 
human granulocyte elastaSe, HGE) and lysosomal hydrolases 
(e.g. hyaluronidase), anti-viral (e.g. Herpes Simplex), 
35 anti-inflammatory and anti-coagulant activity. 
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In some instances the potency of the biological 
activity of a particular polysulphated polysaccharide has 
led to its commercial development. One example is 
Arteparon" (trade marie of Luitpold-Werk) which consists 
predominantly of polysulphated chondroitin. This compound 
has been used as an anti-arthritic drug. 

Another example is SP54" (trade mark of Benechemie 
GmbH) which is a pentosan polysulphate sodium, salt. This 
compound has found wide application as an anti-thrombotic , 
anti-arteriosclerotic, and anti-hyperlipidaemia agent. 

SP 54? (trade mark of Benechemie GmbH) is the 
sodium salt of a semi-synthetic polysulfated xyloside 
having an average molecular weight of about 6000 Daltons 
and a sulphur content of about 16%. This compound has 
been known since. the early 1960s to-be a synthetic 
heparinoid and an anti-thrombotic agent. The structural 
formula is shown below. 



20 



25 




30 Th 



35 



Its'properties were described in a paper by Halse, 
, entitled* -Aktivierung Der Fibrinolyse Und Thrombolyse 



Durch polysaccharidschwefel-saureester- Arzn.im. - Forsch 
12 574 (1962). This compound has also been found to have 
some anti-inflammatory properties as reported by Kalbhen, 
DA, in Pharmacology 1, 74 (1973). 

That SP 54 will inhibit PMN elastase and other 
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enzymes has been known for some time and it is known that 
PUN elastase is a potent degrader of connective tissues, 
including articular cartilage. Consequently, investigators 
have attempted to elucidate the mechanism of inhibition 
5 with a view to discover the possible role of 

anti-inflammatory and anti-rheumatic drugs as proteinase 
directed inhibitors. An example of one such investigation 
is that reported by Baici et al ia Biochem. Pharmacol. 2£L, 
703 (1981). In this latter paper, SF 54* was shown to 
10 be a potent inhibitor of proteolytic and hydrolytic 
enzymes . 

In addition, Andrews et al in Chem. Biol. 
Interactions 12, 157 (1983) have shown that SF 54* binds 
• to articular cartilage and connective tissues* 

15 Without being bound by theory, the present inventors 

believe that SF 54* may function by protecting articular 
cartilage and other connective tissue from breakdown in 
the pathological state as well as stimulating their repair 
and restoration of normal function c 

20 Arteparon* is a mucopolysaccharide polysulphuric 

acid ester produced by Luitpold GmbH. More specifically, 
it ia a heterogeneous semi-synthetic glycosaminoglycan 
poly sulfate in which the predominant (about 93%) 
disaccharide repeating unit is hexuronic acid 

25 glycosidically linked to galactosamine. Approximately 
four of the free hydroxyl groups of the disaccharide 
repeating unit of Arteparon are esterif led by sulfate 
groups to give a sulfur content of about 13.0% by weight. 
The commercial preparation has a molecular weight of about 

30 10,000 Daltons. 

Illustrative of this effect is the data shown in 
Fig. 1 where it can be seen that SF54 and Arteparon* 
stimulates the biosynthesis of hyaluronic acid (HA) in 
human OA synovial fibroblasts in a concentration manner. 

35 It should be noted that: while the stimulatory effect of 
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Arteparon on HA biosynthesis is known (Verbruggen and 
Ve y3), flr «-» r whnmatal Belq. i, 75-92, 1977) that of SP54 
has not been previously reported) . A recent publication 
by Smith and Ghosh in Phftnmatolnnv Tntftmational 2, 
5 113-122, 1987 demonstrated that high molecular weight 
( y 3.0x10' Daltons) HA could also stimulate de novo HA 
synthesis by synovial fibroblasts and the present 
inventors have found that this effect is augmented by the 
addition of Arteparon* or SP54* to the high molecular 

10 weight HA preparation. This is illustrated in Figure 2 
where it can be seen that the addition of a combination of 
high molecular weight HA and SP54 to synovial cells in 
culture leads to a greater synthesis of HA than if either 
■ agent was used alone. 

15 The substances, SP54* and Arteparon 1 are potent 

inhibitors of proteases, which destroy Joint articular 
cartilage. They also suppress the egress into the joint of 
inflammatory cells, such as PMH cells which as previously 
mentioned are responsible for hyaluronate breakdown. In 

20 this way, the inventors believe that SP54 and Arteparon 
both protects and promotes normalization of joint 
hyaluronate and articular cartilage and work in 
combination with high molecular weight hyaluronate which 
provides the rheological properties necessary for 

25 efficient biomechanical function* 

Although the aforementioned polysulphated 
polysaccharides of the first and second aspects of the 
invention have found a diversity of clinical applications, 
their basic structural similarity as linear polyanions has 

30 resulted in. a "profile of biological activities which are 
shared by most members of this chemical family. 
Naturally, however, the biological activities of each of 
the members varies, not necessarily in any predictable 
manner. 

35 Further, it must be appreciated that whilst such a 
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spectrum of biological activities may be of considerable 
scientific interest in cases where the biological 
activities of a compound conflict, such compound could be 
deleterious as an agent to ba used for therapeutic 
S purposes . 

One example is that in the treatment of arthritis, 
the patient is generally administered daily doses of a 
suitable drug for several months or years and should the 
drug used also suppress blood clotting mechanisms 

10 i.e. have ant i- thrombotic , fibrinolytic, or 

thrombocytopenic activity, haemorrhage following acute 
injury or menache may occur. 

In relation to the polysulphated polysaccharides, a 
- number of compounds have been shown to have potent 

15 anti-thrombotic or anti-coagulant activity, which has 
therefore limited the use of such compounds particularly 
in long term therapy of the type outlined above. 

Some selectivity of biological action of the 
polysulphated polysaccharides is therefore desirable and 

20 has been achieved by varying the degree and position of 
sulphate substitution in the polysaccharide rings . 

The molecular weight of polysulphated polysaccharides 
has also been shown to be a determinant of biological 
activity. Thus, it has been report by Ricketts in 

25 Biochem. J. 51, 129-133 (1952) that for the dextran 

polysulphates, the high moleuclar weight analogues were 
more toxic than the low molecular weight species. It was 
also found that the degree of sulphation was an important 
determinant of anti-coagulant activity. In addition the 

30 anti-coagulant properties of the heparins have also been 
shown to be dependent on the molecular size of fractions 
used. (Casu, B, in Advances in Carbohydrate Chemistry and 
Biochemistry 12, 51-134, 1985). 

in a more recent paper, published in Archives 

35 Internationales de Pharmacodyanamie de Therapie, 212(2) 
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196-208 (1986), the authors shoved that a high molecular 
weight analogue of SP54* (SR 24751) and SP54" where 
active in vitro in improving proteoglycan incorporation 
into the extracellular matrix. However, a low molecular 
5 weight fraction of SP54* (SR 25491) and Arteparon" 
(Registered trade mark of Luitpold-Werk GmbH) were 
inactive. 

It is preferred that the hyaluronate used in the said 
cc inations is of a molecular size lying within the 

10 nc 1 size range found in the joint of the animal to be 
tre ad. In the case where humans are treated, a 
preferred source of the hyaluronate is that obtained from 
bovine synovial fluid by a method disclosed in the PCE 
application of D. Cullis-Hill, PCT/AU8 6/00129. 

15 as already mentioned, corticosteroids are extremely 

potent anti-inflammatory agents with widespread 
application in both veterinary and human medicine. The 
limitation of this useful property is the suppressive 
effects of these drugs on connective tissue metabolism 

20 which in itself can be extremely harmful to the joints and 
tissues so treated. In this regard the present inventors 
have found that by using combinations of anti-inflammatory 
corticosteroids and sulphated polysaccharides such as 
xylan polysulphate, Arteparon" , dextran sulphates, 

25 dermatan polysulphate, chitosan polysulphate, and the like 
that the degenerative effects of the corticosteroid may be 
attenuated. 

For example it is known that the weekly intra- 
articular administration of hydrocortisone for eight weeks 
30 will induce the loss of proteoglycans (PGs) from joints of 
rabbits so treated (Oegema and Behrene, ArrMvfla of 

nrnrlinnTifrr 277 " 284 < 19 ° 1J - J h ° 

present inventors have found, however, that when this 
glucocorticoid is administered in combination with the 
35 inventive polysulphated polysaccharides, degradation and 



WO 88/07060. _ 



PCT/AU88/00077 



- 15 - 

loss of proteoglycans from joint cartilages can be 
prevented . 

The results obtained for hydrocortisone (50mg) and 
pentosan polysulphate (5mg) when administered 
5 intra-articularly to rabbits, relative to hydrocortisone 
(50mg) alone are shown in Table 1. As can be seen the 
hydrocortisone-SP54« combination reduced loss of 
hexuronate (a measure of proteoglycan content), restored 
PG extractability and elevated the de novo biosynthesis of 
10 matrix "S-labelled PGs (specific activity). 

Those inflammatory joint diseases which may be 
effectively treated with the present invention include 
arthritis, tendonitis and bursitis. By effective 
treatment, it is meant that pain associated with the 
IS disease is reduced and normal joint function is restored. 
The preferred method of administration of the 
composition of the invention is by direct injection into 
the appropriate pathological tissues, for example, the 
synovial cavity of an arthritic joint. In such cases, the 
20 carrier would be normal sterile physiological saline. 
However the inventors have also found that the inventive 
compositions when used in higher concentrations may be 
employed systemically (intra-muscularly, sub-cutaneous ly, 
intravenously topically) . 
25 The actual amount of hyaluronate or corticosteroid 

and compound capable of maintaining the integrity of 
connective tissues administered, may vary widely depending 
on the sise of the species of animal to be treated, the 
pathology of the tissue or Joint and the tissue or joint 

30 to be treated. 

In one example of the invention, it was found that in 
the canine, an injection containing 5 mg of sodium 
hyaluronate and 5 mg of SP 54 dissolved in 1 ml of sterile 
saline injected into the stiffle joints or the metacarpal 
35 joints of animals troubled with traumatically induced or 



WO 88/07060 



16 



PCT/AU88/00077 



33 
3* 

as 



o 



Ob 



O 



333 
3d3 



in 



cu 



N if v 

dd3 



in 

333o* 
i u Av/ 





ro vo 
• • t • 

en en cm 

CM CM CM CM 



# 

•H 



• * • 
cm r» ^ - 









« 


• 






a 


+ f 












m 09 tn 
# ► • • 




• 






S 


s 




CT\ ^ m 

•33* 


3 



«NOQ0 
• ■ • « 

Of CM CM CM 



f-4 
• 






en 
• 

CM 


«H 






4-1 


si 




cmvo oo in 
• t • * 

m m m in 


54.7 



CO so 

t ♦ ♦ 
\0 VO M 

en vo vo tn 

C0> CO O GO 



to 
en 

+1 



3 

cn 



>1 



i 

3 

II 

m 
© 

o 

cu 




***** 

cm m cm m 



CM 



* n mcM 
• • • • 
o««o^ 

vs tn in r* 



+ i 
cn 



3 

+1 

tn 

§ 



* 

i 

! 

9 



a 



+ 1 




a 



WO 88/07060 



17 



PCT/AU88/00077 



inflammatory arthritis, resulted in the recovery of 
function within five days of administration* 

In the case of the horse, however, 25 mg of 
hyaluronate in 2ml of sterile saline could be used in 
5 combination with 25 , 50 or 100 mg of SP 54 depending on 
the joint or tissue to be injected. 

For corticosteroid/pentosan polysulphate 
combinations, excellent clinical results have been 
obtained in lame racing greyhounds with 5.0mg of the 

10 pentosan polysulphate and 20mg of the corticosteroid 
administered once only as a single injection into the 
affected joint* When administered intra-muscularly 50mg 
of pentosan polysulphate was used with 80mg of 
hydrocortisone or methyl prednisolone acetate. 

15 Naturally, it would be expected that alkali metal 

salts other than the sodium salt (SPS*), would have a 
similar effect. 

Although the present inventors have found that the 
polysulphated polysaccharides of the first aspect of the 

20 invention are useful in compositions including either 

corticosteroids or hyaluronic acid, or water soluble salts 
thereof, the present inventors have further found that 
when the polysulphated polysaccharides are present as 
particular complexes, the suppression of blood clotting 

25 mechanisms by the polysulphated polysaccharides is greatly 
reduced whilst the anti-arthritic, anti-inflammatory 
activity is enhanced. The effective polysulphated 
polysaccharides are believed to be those polysaccharides 
selected from the group consisting of dextran, xylan, 

30 chondroitin, dermatan and hyaluronic acid. The effective 
complexes are those formed between the aforementioned 
polysulphated polysaccharides and multivalent metal ions, 
Ag* and Au* , and quaternary ammonium compound 
complexes. 

35 The preferred polysaccharide is xylan polysulphate, 
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most preferably SP54" . 

The particular complexes are selected from the group 

consisting of Ag* , Au- , Ca*-, Kg 2 *, B»V, 
Pb*% Cu**,.»«*, Au**, Pd»», Pd** / PtV, 
5 p t i* f trivalent metal ions, and quaternary ammonium 

compound complexes. Example, of the latter compounds are 
pyridinium chloride, tetraalkyl ammonium chloride, choline 
chloride, cetylpyridinium chloride, N-cetyl-N,N,N - 
trialkylammonium chloride or their derivatives. 
10 The most preferred of these is the zinc complex. 

The inventors are aware of Australian patent 
application 24412/84 (Sanofi et al) in which there is 
disclosed particular xylan sulphates which are claimed to 
have broadly enhanced antithrombotic and anti-coagulent 
15 activity compared with heparin. The essence of this 

invention is the selection of particular molecular weight 
fractions and degrees of sulphation of SP54. Further, it 
is noted that the inventors state that compositions of the 
invention may be useful in treating rheumatoid arthritis, 
20 arthrosis and osteoarthritis. However, such V™***** s 
are not quantified in any way and as SP54 is known to have 
such activity, the suggestion that the compositions of the 
invention may be useful in such therapy is hardly 

2S ^"Lentors are also aware of US4465666 (Lu.as et 
al) and 012113 (Lukas et al) in which there ~ d J^ Md 
compositions-containing zinc ions and an acid sulphated 
polysaccharide or polymer chosen from heparin dextran 
Llphat* and polyvinyl sulphate. It is also 
30 that other acid sulphated polysaccharides may be used such 
as chondroitin - sulphate, carragheenan, sulphated 
oolypentosan, sulphated dextrans and sulphated 
polyglucoses. In addition, pharmaceutical ly acceptable 
salts such as the potassium and sodium salt of these acid 
35 sulphated polysaccharides are also taught a. being 
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effective. 

However, this prior art does not disclose the 
compounds of the present invention nor suggest that such 
compounds would have the utility found by the present 
5 inventors • 

The present inventors have shown that because of the 
unusually strong affinity of the metal in these complexes 
of the invention for certain sulphate esters and oxygen 
atoms present on the carbohydrate rings of the 

10 polysaccharide ; the metal alters the conformation and 
rigidity of the polymer chain thereby influencing its 
, biological activity. 

This biological activity occurs only when the 
complexes are prepared according to the methods described 

15 herein, or their equivalents, since they are well defined 
compounds as shown by microanalysis and 13 C - NMR 
spectroscopy. Moreover, by simply mixing zinc ions and 
sulphated polysaccharide in a variety of ratios (as 
described by US4465666 and EP 12115 (Lukas et al) as a 

20 means of confering antiviral activity) did not reproduce 
the biological activity of the metallo complexes described 
in this invention as demonstrated by three examples 
described in the section following on biological 
activities . 

25 Some explanation of the antiviral activity of the 

mixtures prepared by Lulcas et al might be attributed to 
the high molecular weight polymers they utilize e.g. 
Dextran sulphates M.W. 8 x 10* - 2 x 10* were given as 
examples whereas in the present invention polymers with 

30 MWs of 30,000 or less were utilized, (e.g. Dextran 

sulphates, 5^10,000 Da and Xylan polysylphates 3-10,000). 
It should also be noted that the very high ratios of 
polysulphated polysaccharides to zinc were used by Lukas 
et al which for the most part are far in excess of that 

35 existing in the pure compounds claimed. 
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The present inventors believe that the Ag* , Au* , 
divalent metals including Ca 2 *, Kg**, Ba 1 *, Pb 2 *, 
Cu z * , Zn 2 *, Au 2 *, Pd 2# , Pt 2 *, trivalent metal , , 
Pd 4 * , Pt* * complexes and the quaternary ammonium 
5 complexes are novel and non-obvious compounds. 

Furthermore, it has been found that the sine complex is 
effective alone in the treatment of arthritis and related 
inflammatory joint diseases. The inventors believe that 
the other complexes would have a similar -iroperty. 

10 The inventors have also found that t.ie unique 

biological activity of the sulphated polysaccharides 
induced by chelation with divalent and trivalent metals is 
not confined to 100% substitution of available sites by 
• these substituents . Thus on a weight /molar basis they 

15 have found that multivalent, particularly, divalent or 
trivalent metal substitution of monovalent ions between 
the range of 1% - 100% may also induce conformational 
changes in the polysulphated polysaccharide thereby 
influencing its biological activity. Examples for 8.5%, 

20 83% and 100% substitution of sodium ions by sine ions in 
the sulphated xylans are given as typical examples of this 
effect. 

The 13 C-NMR data derived from the three 
zinc-pentosan polysulphate penetration complexes 8.5% Zn 

25 (DH40G), 83% Zn (DH40J) and 100% Zn (DH40Y) Showed that, as 
the amount of sine chelated increased the binding 
increased. Prom this we may deduce that the rigidity of 
the conformation of the complexes increased/in the order 
DH40G (8.5% sine) DH405J (83% xinc) DH40Y (-100% sine) 

30 and from the biolog:-al data it would appear that total 
substitution of all by xinc may lead to a 
conformation which very rigid. 

As a consequence of this, the formation of these 
metallo-polysulphated polysaccharide complexes provides a 

35 useful means of transporting selected metals into bodily 
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tissues, since unlike the known salts of the polysulphated 
polysaccharides like sodium, potassium, or ammonium, which 
dissociate into the respective ions when dissolved in 
water, the complexes of the present invention do not 
S dissociate in a aqueous or physiological media. 

Zinc and to lesser extent Hg" by virtue of their 
ionic radii and electronic configuration appear from the 
1 3 C-NMR spectroscopic studies described herein to occupy 
sites within the polysulphated polysaccharide chain which 

10 are quite different to the larger atoms -Ca++, Cu++, 
Ba++, Fe++ etc. The conformations adopted by these 
respective complexes is shown in Figure 3(A) and (B) where 
it is evident that in the case of pentosan polysulphate 
complex, zinc occupies a position in which the oxygen of 

15 the glycoside linkage and oxygens to the sulphur esters in 
the 2 and 3 1 positions in adjacent rings can efficiently 
interact with it. It is these multiple site interactions 
and ability of sine to fit into the space available 
between rings which render these complexes energetically 

20 favourable and thus stable. Significantly the biological 
activity of the zinc complexes are different to the metal 
complexes formed with other metals. (See section on 
biological activity) . 

The compounds of the invention have particular 

25 utility in the treatment of rheumatoid arthritis, 

osteoarthritis and related inflammatory joint conditions 
as well as cancer and wound healing. These compounds would 
also be expected to be antiviral. 

Inventors, believe that this utility stems from the 

30 ability of the compounds of the invention to inhibit the 
release and the action of the serine proteinases, e.g. 
human granulocyte elaatase (HGE), plasminogen activator 
and tumour derived elastase, The importance of this 
inhibition is that in oateo- and rheumatoid arthritis, the 

35 proteoglycans of joint articular cartilages are depleted 
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due to excessive degradation by proteinases. Note that 
proteoglycans of the extracellular matrix confer the 
property of resilience and are therefore essential to the 
biomechanical performance of these tissues. 

In all tissues, tumour cell metastasis is dependent 
on the breakdown of the extracellular matrix to allow 
proliferation and migration of the neoplastic cells to 
other sites. A proliferating tumour mass also requires a 
good blood supply for survival and breakdown of the matrix 
to alio* penetration of blood vessels is also a 
prerequisite for tumour expansion within the host tissue. 
Tumour cells and activated endothelial cells of the blood 
capillaries achieve this objective by the release of 
- enzymes which can directly and indirectly degrade the 
15 extracellular matrix. Of particular importance axe the 
serine proteinases (such as the plasminogen activators and 
elastase like enzymes) used by the tumour cells to 
activate blood borne zymogens e.g. plasminogen, and normal 
connective tissue cell latent enzymes, e.g. metallo 
20 proteinases (collagenasa, proteoglycanases etc) , and 
serine proteinases zymogens which can directly and 
indirectly degrade the components of the extracellular 
matrix. The inventive metAllo polysulphated 
polysaccharides are potent inhibitors of the serine 
25 proteinases produced by mammalian tumour cells lines and 
thus have potential utility a* anti-cancer/anti-metastatic 
agents. The particular metal ions likely to be effective 
are Ag* , Au*, An**, Pd**, Pd«*, Pt»* and 
Pt 4 *. 

At the same time, inventors have demonstrated that 
the compounds of the invention are less effective 
anti-coagulants than when in an uncomplexed form. 
Therefore, given the long term therapy associated with 
treatment of such inflammatory joint diseases, this 
35 reduction in anti-coagulant activity is of significant 
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benefit. 

Moreover/ it has been found that the compounds of the 
invention are capable of stimulating mitosis and DNA 
synthesis in a variety of connective tissue cell lines. 
5 (e.g. fibroblasts, chondrocytes, fibrochondrocytes) and 
together with their ability to promote matrix component 
(proteoglycan, hyaluronate and collagen) biosynthesis axe 
of immense benefit in the healing and repair of damaged 
tissues. Examples of these useful biological properties 

10 are provided. 

T»i»o r »™iHnn Pol ysulphate Polysaccharide - Mfttal Complexes 

These are prepared from the polysulphated 
polysaccharides which may be obtained from commercial 
sources e.g. dextran sulphates MW 5000 or 8000, Sigma 

15 Chemical Co., St. Louis, Mo., tt.S.A., pentosan 

polysulphate (SP54 R ) Benechemie, Arzneimittell, Hunchen, 
F.R.6. 

Chondroitin polysulphate (Arteparon" , Luitpold 
Werk, Hunchen, P.R.G. or by sulphation of commercially 

20 available polysaccharides e.g. xylans (Sigma Chemical Co. 
St. Louis, Mo. U.S.A., Pluka Chemical Co., Switzerland? 
dextrans, chitin, and amylose from Biocarb Chemicals, 
Lund, Sweden, or sulphation of polysaccharides isolated 
from natural source as described by Wilkie, Advances 

25 Carbohydrates, Chem. and Biochem. 2&, 215-264 (1970), or 
Whistler and Richards in "Hemi cellulose- in Carbohydrate 
2nd Ed. Vol II A (1970) Ed. Pigmaa 6 Horton, Academic 
Press or other reviews describing their extraction and 
purification. 

30 (A) g«1~ph«tton of PQlyaarrharides 

g»»mp1» - Pr-qp^lHon of Xvlan PolVSUlPhatfl 

Dry, commercially available xylan (from larchwood, or 
oat spelts, Sigma Chemical Co., St. Louis, Mo, U.S.A.), or 
as isolated from other sources as described by Whistler 
35 and Richards in the "Hemicellulose in the Carbohydrates" 
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2nd Ed. Vol: HA (1970) Eds. Pigmaa 6 Horton, Academic 
Press, is sulphated by adding with rapid stirring to 
cooled chlorosulphonic acid in dry pyridine using the 
general method of Ricketts in Biochem. J . 51, 129-133 
(1952). The xylan-chlorosulphonic-pyridine mixture was 
maintained at 65* for 6 hours, cooled and poured with 
vigorous shaking into crushed ice. A strong (40% w/v) 
NaOH solution was then added until the solution reached 
pH7. The solution was filtered and ethanol added to 
precipitate the crude polysulphated xylan as a syrup. The 
syrup was separated, redissolved in water and subjected to 
a series of ethanol/water precipitations to afford a final 
syrup which was dissolved in water (pH - 2.0) and dialysed 
against water. The non-dialysable salt free polysulphated 
xylan was then obtained as the sodium salt by 
lyophilixation. This sulphation method is essentially 
that described by Rickette (ibid) for the preparation of 
the sodium salt* of the dextran polysulphates . 
Fractionation of the sulphated xylan into the desired 
molecular sizes was then achieved by dissolving the sodium 
salt in a buffer of high ionic strength of 0.5 MNaCl and 
subjecting the solution to gel filtration chromatography 
using sephadex G75 or Sephacryl G200 columns. Alternative 
methods of fractionation include high performance liquid 
chromatography, membrane filtration, or hollow fibre 
techniques e.g. using Amicon RA 2000 system Kith 10,000 BW 
cut off f liter or ion exchange chromatography using the 
method described by Doctor and Sauls in Thrombosis 
Research^r^SJ^ 

rlin 7 ^" crmrnlexes 

rrmyl- of n^nr rinn* z i nc 

71 11 l - r11 . 1ir ^ t . nwithT m* Mihstltntlom nnrt PH4QG 

35 M,thnd i » The sodium salt of Xylan polysulphate (as 
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prepared above, or as purchased commercially as SP54" ) 
(50.0 gram) was dissolved in 100 ml distilled water and 
passed down a cation exchange column, such as Dowex 50W-X2 
(20-50 mesh) which had been previously converted to its 
5 acidic form (H* ) . Sufficient resin was used to ensure 
complete exchange of the sodium ions of the xylan 
polysulphate by H* . For 50.0 grams of SP54" 500 grams 
of resin was sufficient. Practions were monitored for pH 
using a pH electrode and sulphated polysaccharide using 
10 the method of Farndale, Sayers and Barrett in Connective 
Tissue Research I, 247-248 (1982). The free acid eluted 
from the column in the first 200 ml, these fractions were 
pooled and an aliguot converted directly into the zinc 
complex by neutralation with an equivalent molar amount of 
15 a line salt. By using a basic zinc salt (e.g. Zn Acetate) 
the end point of this neutralisation can also be 
determined potentiometrically. 

The mixed sodium-sinc-Xylan polysulphate complexes 
(DH406 and DH40J) were obtained by adding to the Xylan 
20 polysulphate free acid solution the appropriate amount of 
a solution containing the Zn* 4 and Ma* ions in the 
required proportions. Again the acetate salts of these 
metals was used since the change of pH for neutralisation 
was easy to monitor. Any combination of salts in any 
25 proportions can be produced by this method but in some 
cases the salts of the polysulphate polysaccharides ■ 
precipitate.. This occurred for the Ba** and Pb** 
complexes of Xylan polysulphate and dextran 
polysulphates. In contrast the Zn** complexes were 
30 highly water soluble. 

v«frh«ri i t The free acid form of the xylan polysulphate 
prepared as described in Method 1 was passed down a cation 
exchange column (e.g. Dowex 50W-X2, or Duolite C25), which 
had been converted to the cationic form required for 
35 exchange (e.g. Zn**, Kg**, Cu**, Ca** etc.). The 
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metal sulphated xylan complex was.eluted from the column 
with distilied water and fractions monitored using the 
Farndale, Sayera and Barrett method described in Method 1. 
H ^ hn H 3 i A cation exchange resin generated as the H* 
form was converted into the metal ion form by 
equilibrating with at least two bed volumes of the Bait of 
the metal (e.g, Za SO, , CuSO*, MgS0 4 , CaS0«). 
Complete conversion was achieved when no more H* was 
eluted from the column. Unexchanged metal ions were then 
completely washed from the column. It is essential to be 
certain at this step that no free IT form remains in the 
resin. The sodium salt of the sulphated polysaccharide 
was then passed down the column eluting fractions with 
distilled water, whilst monitoring for sulphated 
polysaccharides (Farndale et al ibid) and the metal using 
appropriate assay, (e.g. <*♦♦ spectroscopically, 
by atomic absorption spectroscopy). The metallo- 
polysulphated polysaccharide complexes can then be 
isolated from the collected pooled fractions by 
20 lyophilixation or ethanol precipitation. 

However, with the latter method the required complex often 
precipitates as an oil and require, agitation and cooling 
for crystallisation to be induced, 
rnnftrnmrfnn ~* r^mmtinn Formation 

25 (a) ntTTffll- »*«"™Mmi SnPCf.TORCQPY 

Previous analysis of the sodium salts of pentosan 
polysulphate. (e.g. SP54« ) had demonstrated that even 
under exhaustive conditions the maximum sulphate 
substitution obtained wa. on average 1.8 esters per 

30 repeating unit. The reason, for this are unclear but 
since the., molecules are polydispersed system, derived 
from natural source, the number of hydroxy groups 
available for substitution may be variable. However for 
the purposes of analysis it is customary to make allowance 
35 for thi. in the empirical formulae. Thu. the empirical 
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formula of DH40Y, which was the fully substituted zinc 
pentosan polysulphate derivative would be 
(C $ H 4 0 9 . aS, . 8 Zno.9 )n 

where n = 17 to give the experimentally determined 

S molecular weight mean average ((M*) of 5,564. 

As can be seen from Table 2, the experimental derived 
Zn value of 17.9% is in reasonable agreement with the 
calculated value of 17.2% bearing in mind that the 
empirical formula for these naturally derived polymers is 

10 less precise than for totally synthetic molecules. The 
mixed salt (Zn # */Na*) systems DH40J and DH406 were 
analysed for Zn content and from these values the 
empirical formula was calculated (see Table 2). 
(b) yntrgf.*'™ rhroitrntoarachT 

15 An acid washed (to remove bound zinc) precalibrated 

column (20 cm x. 0.6 cm) of Sephadex 625 was equilibrated 
for 24 hours with 50mM Bepes/NaOH buffer pH 7.0. One ml 
of a solution of DH406 made up in the elution buffer 
(1.0 mg/ml) waa applied to the column at a flow rate of 

20 10 ml /hour. Fractions collected were monitored for 

sulphated xylan using the Farndale assay as described in 
Connective Tissue Res. 1, 247-248 (1982) and for zinc 
using atomic absorption spectroscopy. As is evident from 
Figure 4, the majority of zinc eluted in the void volume 

25 fractions (V 0 ) of the gel filtration column also 

corresponds to the maximum sulphated xylan absorption 
measured by the Farndale assay. Under the elution 
conditions used; 'unassociated zinc ions would have eluted 
at V t 6t the -columnr 

30 ( C ) NT™ g»"d*ag 

i'C-NMR proton decoupled spectra (50.1 HHz) of SP54 
and metallo complexes in DjO were obtained on a Jeol 
FX-200 FT spectrometer. Samples were dissolved as 10 * 
(w/v), aqueous solutions. Only Milli-Q deionised water 

35 was used to avoid foreign cation contamination of samp lea* 
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Solutions PD»7.0 which contained an internal standard (in 
a co-axial tube) of acetonitrile. The sample temperature 
was 37° , spectral width 10 KHz and 16K data points were 
used. Chemical shifts of ring carbon atoms were 
determined relative to the internal standard and were 
presented as parts per million (ppm) . Differences between 
chemical shift values were express in ^ Hera units (A Hz). 

As is evident from Table 3 the 1s C-chemical shifts 
for the pentose ring carbons of SP54» , the sodium salt 
of xylan polysulphate are different to those obtained for 
the divalent metal complexes. These differences were more 
readily appreciated by using the A Hi values, which were 
derived as the difference between the chemical shift of a 
particular carbon in SPS4" and the same carbon of the 
15 metallo complex (Table 4). For the fully substituted zinc 
complex DH40Y it can be seen that the greatest increase in 
shift difference ( A H ») occurs for carbons 4, 2 and 5 
where electron deshielding occurs. In contrast carbons 1 
and 3 are shielded (-ve shift) relative the same atoms of 
20 SP54" . These data indicate that the zinc atom^in DH40Y 
must reside in a position which is close ( < 4A) to carbon 
atoms 4, 2 and to lesser extent 5, but further away from 
carbons 1 and 3. The magnitude of these shifts was 
dependent on the degree of zinc substitution in the 
25 complex, for as shown in Table 4, the 83% (DH40J) and 8.5% 
(DH40G) had lower A Hz. Prom these results we may 
conclude that as more sites in the pentosan polysulphate 
molecules are occupied by zinc atoms, the conformation 
changes to make the binding tighter. 
30 Wfiile the magnesium complex of pentosan polysulphate 

showed similar chemical shift trends to the zinc 
derivatives, the changes. were less marked indicating that 
the -molecular fit- and atomic interactions were less 
effective than in the Zn" complex. 
35 using the information shown in Table 4 and molecule 

models of part of the pentosan polysulphate chain, it is 
possible to predict the site most likely occupied by the 
zinc and magnesium atoms. This is shown diagramatically 
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TABLE 3 



1 3 C-NMR chemical shift values (9PH\ for sodium pentosan 
onlysulphate (SP54 K ) and s ome divalent metal complexes 
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Change in chemical shift ( AHz) of Na pentosan polysulphate 
(SP54 R ) ring carbon 13C resonances caused 
by progressive replacement of Ha by Zn, Mg, Ca and Cu 




Compound 


AHz of Ring C relative to SP54 






1 


2 


3 


4 


5 


0H40Y (100% Zn) 


- 8.5320 


+20.7214 


-12.1893 , 


+ 28.0310 


+ 4.8747 


j DH40J (83% Zn) 


- 7.3146 


+15.8466 


- 8.5320 


+ 18.2815 


+ 3.6523 


0H40G (8.52 Zn) 


0.0 


+ 7.3146 


0 


+ 8.5320 


+ 3.6523 


0H70 (100% Mg) 


- 8.5320 


+14.6242 


-12.1893 


+ 17.0591 


0 


DH50 (100% Ca) 


-113.3362 


-52.8355 


+15.8416 


-141.3672 


+115.7711 


0H80 (100% Cu) 


- 89.3984 


-20.3560 


+12.6102 


-115.6609 


+168.8971 



Note: -Ve shift - shielded +Ve shift = deshielded 



WO 88/07060 



32 



PCT/AU88/00077 



in Figure 3(A) where electron donation from the sulphate 
oxygens attached to the 2 and 3' positions of adjacent 
rings as well as the lone pair electrons on the 1-4 oxygen 
glycosldic bond and pentose ring oxygen all contribute to 
5 the stabilization (Chelation) of the metal complex. 
On the other hand, for the calcium and copper 
complexes with pentosan polysulphate (DH50 and DH80) 
(Table 4) the pentose ring carbon atom* which were 
influenced by the metal were quite different. For these 

10 metallo complexes, the 1, 2 and 4 carbons were strongly 
shielded whereas carbons 3 and 5 were deahielded. T.:is 
indicates that for DH50 and DH80 the metal atoms are 
tightly located in positions close to the carbons 3 and 5 
(opposite side to zinc). Such a situation would occur as 

15 shown in Figure 3(B), and it is contended that for these 
complexes, sulphate esters in the pentose 2 and 3 
positions of the same ring as well as electron* on 
glycosidic ring oxygen are involved in chelation. Since 
the spectra of DH50 and DH80 sharpen on raising the 

20 temperature, it is concluded that chelation increases with 
molecular agitation. 

It is clearly evident from the data presented in 
Table 4 and Figure 3 that the position occupied by the 
multivalent elements in forming complexes with the 

25 sulphated polysaccharides is critically dependent upon the 
ionic radius of the atom and its electronic 
configuration, while the conformation and flexibility of 
the sulphated polysaccharide must also contribute to the 
stability of the metallo complexes, it is important to 

30 note that the -present experiments indicate that chelates 
so formed may have overall preferred conformations which 
are different to that of monovalent salts (e.g. Na*, 

K* / NH4 * etc.). 

It is this change of conformation and presentation of 
35 functional groups to receptor sites on enzymes and cell 
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surfaces- that render the multivalent complexes so 
different to monovalent species. Examples of such changes 
are given in the biological activity section. 

The binding strength (dissociation constant) of the 
5 zinc pentosan polysulphate complexes DH40Y and DH40J 
relative to sodium (SP54*) was also investigated by 
13 C-NMR (Table 5). 

Addition of NaCl to a solution of SP54* in water 
produced an overall decrease in 1S C chemical shift 

10 values (Table 5). This arises from a change in 
conformation of the molecules due to the increased 
flexibility. As can be seen from Table 5 the most 
pronounced change occurs at 1.25M NaCl. In contrast the 
chemical shift changes of DH40Y were much less affected by 

15 the addition of NaCl indicating small conformational 
change in the presence of competing Na* ions. This 
suggests that even at 1.25M NaCl the zinc ions were not 
readily displaced from their sites on the polysulphated 
polysaccharide • 

2Q Biologica l Properties of the Pnivatiiohated Polvsaccharide- 
MftffH Complexes 

(A) TnMMfcion nf human granulocyte elastase fHGE) bY 
pentosan polysulphate metallo complexes 

The objectives of these experiments were to 
25 determine:- 

(1) the relative inhibitory activity fo some of the 
metallo pentosan polysulphate complexes prepared; and 

(2) to demonstrate that; the inhibitory activity produced 
by these-complexes did not result by simply mixing various 

30 proportions of pentosan polysulphate sodium salt with zinc 
ions (see Lukas et al U.S. 4465666, EP 12115). 

The experiments performed were as follows i- 
(a) HGE prepared according to the method of Andrews et al 
35 (Chem. Biological Int. 12, 157, 1983) was used to degrade 
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Influence of sodium chloride on the change in C-chemical shift 
values (A Hz) for the ring carbons of sodium pentosan polysulphate 
(SP54 K ) and pentosan polysulphate zinc compl exes (DH40 series) 









Molarity of NaCI 




Compounds 


Ring 












Carbon 


0.25 


0.5 


0.75 


1.0 


1.25 




1 


-4.8747 


- 6.0922 


- 7.3096 


-10.9669 


-13.4068 


SP54 R 


2 


-2.2174 


- 7.2174 


-12.4399 


-17.2174 


-21 .4399 


(100S Na) 


3 


-4.8747 


- 8.5320 


-12.1893 


-15.8416 


-20.7164 


4 


-1.2174 


- 4.4399 


- 7.2174 


-12.4399 


-15.0654 




5" 


-4.8747 


- 4.8747 


- 4.8747 


- 4.8747 


- 6.0972 




1 


0 


0 


- 2.4349 


- 2.4349 


- 7.3096 


DH40Y 


2 


-5.5270 


- 9.7495 


-1 Q. 971 9 


-10.9719 


-12.1893 


(100% Zn) 


3 


+4.0747 


+ 2.4399 


0 


- 2.4349 


- 4.8747 


4 


-9.6757 


-13.4068 


-13.4068 


-1 3.4068 


-12.1893 




5 


-1.2174 


- 3.6573 


- 3.6573 


3.6573 


- 4.5240 
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the synthetic specific substrate for this enzyme - 
( succinyl-dialanyl-valyl nitroanalide (SAAVNA) ) . 
Inhibition was determined over a range of concentrations 
and the 50% inhibitory constant (IC 50 ) value determined 
5 as the concentration of drug (ug/ml) which produced 50% 
inhibition of 1.0 ug HGE using 0.2 mM phosphate / 0.1% BSA 
/ 0.0255 Triton X100 / 5% DMSO pH 7.4 buffer at 37° C. 

Inhibition curves for HGE for SP54" , DH40J , and 
DH40Y are shown in Figure 5. As can be seen both zinc 

10 complexes were more potent than SP$4" . This was also 

true for DH40G. However, the Cu (DH80), Mg (DH70) and Ca 
(DH50) pentosan polysulphate complexes were of similar 
potency to SP54" (Table 6). 

This suggests that the conformation adopted by the 

15 zinc pentosan polysulphate complexes was capable of 

interacting more effectively with HGE than SP54" . DH40J 
was found to be the most potent HGE inhibitor (Table 6). 

(b ) TnMMtnrv r>f nWAO.T. nwntOWMI ffOlVBUlPh a tfl 

(SPfua.), 7^f- s«ip h »fr*» fgnso^. and mixtures of — 

20 (fiPM L + KnSOjJ nn HSg 

In these experiments the inhibitory activity of 
DH40J, PPS as SP54* and mixtures of SP54" and ZnSO* 
in various proportions against HGE using the same 
condition as in (a), except that a different enzyme 

25 preparation was used, were investigated. As can be seen 
from Figure 6, DH40J was a more potent inhibitor over the 
concentration range 0.03 ug to 1.0 ug than PPS and PPS + 
Zn" mixed in the proportions of 1:0.18 which is the 
approximate ratio o£ these components in DH40J. A variety 

30 of ratios of Zn** to SP54" were tested for their 
ability to inhibit the HGE. 

As is evident from Table 7 at all ratios examined 
within the range 1:0.1 to 1:1 the HGE inhibition was not 
substantially different to SP54« alone, and in no 

35 instances comparable to the inhibitory effect produced by 
DH40J. 
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TABLED 

tuc IWPIUFMCE OF CATION CHELATION OF PENTOSAN 
K^L^S*) oS INHIBITION OF HUMAN 
GRANULOCYTE ELASTASE (HGE). 



Code 



Cation 



IC * 
50 

(jig/ml) 



Comments 



SP54 

DH40(G) 

DH40(J) 

DH40(Y) 

DH50(A) 

DH60(A) 

0H70(A> 

0H80(A) 



Na 
Zn 
Zn 
Zn 
Ca 
Ba 
Hg 
Cu 



0.249 
0.205 
0.15& 
0.197 
0.232 

0.223 
0.249 



8JX : -substitution 
83% substitution # 
100X substitution 

Insoluble 



DMSO pH 7.4 at 37 C. 



DH40(0> is the most potent HGE inhibitor. 
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(B) ffffT +« n-p pnivminhnte-iMtnllo ronmlffxfts on 

M m M i ni nn n ?" 1a< -- lnn ™thwavs. 

Pentosan polysulphate (SP54« ) is a potent inhibitor 
of coagulation and is sold commercially as a "synthetic 

5 heparin" i.e. a heparinoid. A major gaol for the present 
investigations was to alter the conformation of the 
polysulphated polysaccharides to reduce the anticoagulant 
ability of these macro-molecules but maintain their other 
biological properties. As is evident from Figure 7, this 

10 was successfully achieved from the zinc polysulphated 
polysaccharides as exemplified by the DH40 series where 
progressive replacement of Ha* by zinc to form the 
complex reduced anticoagulant activity. Since the calcium 
- (DH50) and copper (DH80) pentosan polysulphate complexes 

15 were eguipotent with the unsubstituted parent sodium salt 
it must be assumed that the conformation adopted by the 
Ca~ and Cu** complexes (see Figure 8) was still able 
to interact with serine proteinase of the coagulation 
cascade. 

20 in order to confirm that the unique biological 

activity induced in the polysulphated polysaccharides was 
due to the compounds synthesised and could not be 
reproduced by simply mixing to" and a polysulphated 
polysaccharide in solution various mixtures were made and 

25 tested as anticoagulents. As can be seen from Figure 9A, 
DH40J and DH40Y showed reduced anticoagulant activity 
relative to SP54 as determined by prothrombin time using 
normal human plasma. Significantly solutions made from 
z** and.SP54 in the same proportion as in DH40J 

30 (0.176.1) and DH40Y (0.22:1) were similar to SP54, but 
quite different to DH40J and DH40Y. Similar results were 
obtained for the corresponding zinc-dextran polysulphate 
complexes (see Figure 9B). 

(C) rffrrr » ~f mr*n« ™ tt-1 WiHUm-Hd T)ftnrnf1fir . fQn of 

35 r n rrnay > tti-t«*™ /PicmrPB 10 flnd 11) 
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Fell and Jubb [Arthritis & Rheum. 2fl# 1359, (1977)] 
using co-cultures of cartilage and synovial tissue 
explants were the first to report that a factor from the 
synovium caused chondrocytes to degrade their own 
5 cartilage matrix. This factor was called "Catabolin" and 
subsequently was purified by Saklavala and co-workers 
[Biochem. J. 121/ 705 r (1981)] and shown to belong to the 
interleukin-1 or IL-1 family of monokines. It has also 
been shown that the synovial type A cells of the synovial 

10 lining are bona fide macrophages. It is easy to envisage 
some event or situation arising within the joint in which 
the joint synovial cells may become stimulated, even very 
marginally , to produce IL-1. Interleukin-1 haa been 
detected in synovial fluid of inflamed joints. A small 

15 output of IL-1 above normal levels , perfusing cartilage, 
could therefore with time, result in a disturbance in the 
metabolism of articular cartilage with the loss of PGs 
from the matrix occurring as an early event. This could 
lead ultimately to eroded and degenerate cartilage and the 

20 classical pathology of osteoarthritis. 

An in-vitro model was therefore developed on the 
assumption that lL-1-mediated autolysis of articular 
cartilage was an important component of the pathology of 
osteoarthritis. 

25 Slices of rabbit knee articular cartilage, 

pre-labelled in-vivo with "S0 4 , were co-cultured with 
macrophages, conveniently obtained from the peritoneum. 
The macrophages produce IL-1 which stimulates the 
chondrocytes to degrade their matrix, releasing "SO* 

30 labelled GAGs into the culture medium. Potential 

anti-arthritic drugs, such as the DH40 were tested using 
this model for any propensity to inhibit lL-1-mediated 
cartilage degeneration. Figure 10 illustrates the 
principle of the method used. 
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^pi-hods 

New Zealand white rabbits, 6-8 weeks old, were 
injected intramuscularly with 3mCi H 2 35 SO t a week 
before sacrifice. Similar animals were injected 
5 intraperitoneal^ with 25 ml thioglycollate medium, to 
recruit macrophages, 48 hours before sacrifice. In a 
typical experiment, the cartilage donor was. killed and 
cartilage from the knee joint, including the patella, was 
shaved off with a #11 scapel blade. The resulting 

10 explants, which were variable in size, were cultured for 
3 days in Ham's P12 medium containing 10% FCS. The 
explants were then washed twice with serum-free medium and 
transferred individually to wells of 24-well tissue 
culture plates. On the same day, the macrophage donor was 

15 killed and macrophages collected by peritoneal washing and 
centrifugation. The test compounds were added to the 
appropriate wells and finally 5 x 10* macrophages were 
added per well. The final volume was 250 ul of serum-free 
Ham's F12 medium per well. After 3 days incubation the 

20 cultures were terminated. The supematants were collected 
and the wells were rinsed with 200 ul of saline which were 
added to the supernatant. The counts per minute of 
3 5 S0 4 -labelled proteoglycans in these samples 
represented the PGs lost from the cartilage matrix due to 

25 degradation. The explants themselves were solubilised by 
papain digestion and an aliquot of each was counted to 
record the undsgraded PGs still retained within the 
cartilage matrix. 

30 The" results of " a typical experiment are shown in 

Figure 11, where it can be seen that DH40 was effective 
in suppressing the IL-1 mediated loss of PGs from 
articular cartilage when either used directly (Macrophage 
conditioned media, MCM) or when co-cultured with 

35 peritoneal exudate cells (PEC). 
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( D) Sfr.mHAs o f the relative effects of DH4QG and Pentosan 
rn 1y«n1p>i«r.g ffiPM^ on thfl loss- of proteoglycans from 
rartn^e In an exper iment a 1 model of arthritis 
Tptrnrinrtion 

5 This model was originally described by Sin, M.Y., et 

al J. Path. 142/ 23 (1984) and Sedgwick A.D. et al Ann. 
Rheum. Dis. 12/ 418 (1984) and provides a convenient and 
reproducable method of evaluating the effects of drugs on 
cartilage metabolism in vivo. This model was used to 

10 investigate the influence of SP54* and DH40J when 

administered into the rat air pouch at 10 mg/kg on the 
loss of cartilage proteoglycans (PGs) induced by an 
inflammatory cell invasion of the pouch. 
Materials and Methods 

15 Air pouches were created on the dorsal surface of 

male 200 gm Wistar rats by the initial injection of 20 ml 
of sterile air. Re-injection every second day maintained* 
cavity inflation. Articular cartilage (AC) aseptically 
harvested from the knee joints of 10 week old New Zealand 

20 White rabbits, was implanted into formed 7 day old rat air 
pouches. Drugs (10 mg/kg) r diluted in saline, were 
administered daily into the air pouch beginning the day of 
cartilage implantation. Saline was administered to a 
control group. Inflammation of the air pouch was achieved 

25 by the injection of 10 ml of sterile 3% peptone into the 
pouch every second day, beginning the day of cartilage 
implantation. Animals were killed 7 days later and air 
pouch fluid (APP) and AC were collected for analysis. 
Cells in the APP were stained with crystal violet and a 

30 total cell count determined. A differential cell count 
was perf omed by cytocentrifugation and staining with 
giemsa. Implanted AC (8-10 mgs) was digested by papain 
and PG content was determined by hexuronic acid and 
sulphated glycosaminoglycan (GAG) analysis. PGs in the 

35 remaining AC were extracted with 4M GuHCl plus protease 
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• Extractability of PGs and their 

enzyme ^^J^ exoge nous hyaluronic acid (HA) 
afail ity "J^^Z^***™ 0 * Sepharose CL-2B. 
20 », was ™^ fa * e tfa9 examined b y S.E.M. following 
A portion of AC sur£ac ded ace tone, 

5 dehydration of the speciment in the gr 
critical point drying and gold coating. 

^^tK SP54" and DH40G appeared to be equally 
f Jti^ ^Preventing the loss of proteoglycans fro n 

effective in f t»ouch model. 

10 planted ^f^Ht r^\ h . DH40G prated loss 
Briefly however it Mid , 

(Mgure 12) , o£ cartUaa . planted Into the 

aggregation digur. UT « ^ SoB . 

U pouch where lnfl " M " t ^* t f ^ i0B of these drug. was 
Ration ^""^l^n o« the cartilage, 
provide by hi.tolo,i«l «» ^ ^ „ f 

— Ir0 " ^Honer*, "cartilage •« 

infla-atory cell. «*»«*•« cartUages . 

20 sp«:i».»« ~ """"tor. ot cartilage destruction are 

,ib " Tr;:rtn"^ -n. «. «- 

181615 ,^ ot \neir nu—r at the cartilage surface -ust 
b, considered as a on rn-jl TfflllU. 



25 (E) umi rr r nf ""^"^ 



^^tr^necttv. ti,.ue, i»c^ *» 

matrix. Many »°»- ,t '™^, „ this important 

(MUD.) «nd cortico.t.ro ds supP Relation of 

cellular proce.. " ° Bal f iv . 1 „ t a^. was 
tn. pentosan polysulpb«e with ^ very low 

35 found to stimulate DUX synthesis over a ry 
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In this study it was shown that SP54 11 and to a 
greater extent DH40J could prevent the deleterious effects 
of hydrocortisone on in vitro synovial fibroblast 
biosynthesis of hyaluronic acid (HA). The results 
5 obtained are summarized in the following figures. 
Figure 17 - shows with increasing concentration of 
hydrocortisone, HA biosynthesis is progressively inhibited. 
Figure 18 - shows concentration effects of DH40J on HA 
biosynthesis by synovial fibroblasts. 
10 Figure 19 - s how s partial restoration of HA synthesis by 
synovial fibroblasts by SPS4 when cells exposed to 
hydrocortisone at 10" 6 M. 

Figure 20 - shows complete restoration to control values 
produced by SF54 when the concentration of hydrocortisone 
15 used was reduced to 1 x 10" i M. 

Figure 21 - as for Fig. 22 but DH40J used instead, 
hydrocortisone 10" 6 M. 

Figure 22 - as for Figure 22 but DH40 used instead, 
hydrocortisone at 10" a M. 

io Although reference has been made to the utility of the 
compounds of the invention in treating osteoarthritis and 
rheumatoid arthritis, other disease states that could be 
usefully treated include, bursonitis, tendonitis, 
tendovaginitis and related soft tissue inflammation; 

25 wounds and the healing of burns; skin repair, acne and 
other dermatological acute disorders; topical application 
for superficial thrombosis, haematoma, ulcus cms is, 
softening of scars; topical anti-viral and pancreatis, 
emphysema and, bacterial invasion where excess proteolytic 

30 activity occurs. 
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concentration range of the drugs. 

As is evident from Figure 15 at concentrations up to 
100 ug/ml DH40J stimulated the in vitro biosynthesis of 
DNA in synovial- fibroblasts derived from OA joints to a 
5 greater extent than PPS (SP54« ) . Moreover as with all 
other experiments tried, solutions containing zinc ions 
and the pentosan polysulphate in proportions comparable to 
that which exist in the prepared metallo polysulphated 
complexes failed to reproduce this powerful effect on cell 
10 macromolecular synthesis. 

(F) fjf frr»« n * sp54fl - ' MTIft i T ngA " T ° n " ro1:eQqlvcan 
tTlffTrr «.i,o.H« hv rwhhft artimlftr rlmndrocYte 

As discussed above, in chronic OA and allied 
conditions, the extracellular matrix is subjected to 
15 excessive catabolism. Tissue cells need to replicate and 
produce a new matrix to survive and maintain 
functionality. While many drugs including anti- 
inflammatory agents may suppress this process it is known 
(Burkhardt e Ghosh Seminars in Arthritis & Rheumatism 12, 
Suppl. 1 3-34, 1987) that the polysulphated 
polysaccharides do not. It was of some interest, 
therefore, to find that the metallo complexes of this 
class of drugs were more potent stimulators of 
proteoglycan synthesis than the sodium salt. The results 
for SPS4» DH40J, and DH40T are shown as an example (see 
Figure 16). 

TTin inn nf ^Y'^ nh ^ nnivfiwcchnrlrlftff nnrt ttm imttaUo . 
rnlTmT i r ^^ prriTT^wMn* in rrnnhlnnrinn with 



20 



30 



Corticosteroids are known to suppress connective 
tissue cell mitosis and biosynthesis of matrix components, 
e.g. collagen, proteoglycans and hyaluronic acid (HA), 
these macromolecules are essential for normal bodily 

35 functions and health. 
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.1. A multivalent metal, Ag* , Au* or quaternary 
ammonium complex of a polysulphated polysaccharide 
selected from the group consisting of dextran, xylan, 
chondroitin, dermatan and hyaluronic acid, 

2. A complex as in claim 1 wherein the metal is selected 
fromAg*, Au* , Ca 2 * , Mg**, Ba 2 * , Pb**, Cu 2 *, 

Zn 2 *, Au 2 *, Pd 2 *, Pd 4 *, Pt 2 * and Pt 4 *. 

3. A complex as in claim 2 wherein the metal complex 
includes a proportion of monovalent ions. 

4. A compound as in claim 2 or claim 3 wherein the metal 
is Zn 2 * and the polysulphated polysaccharide is xylan 
polysulphate. 

5. A complex as in claim 4 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons, and a sulphur content of about 16%. 

6. A complex as in claim 1 wherein the quatenary 
ammonium compound is selected from pyridixium chloride, 
cetylpyridinium chloride, N-Cetyl-N,N,N-trialkylammonium 
chloride or their derivatives. 

7. A composition suitable for treating arthritis and 
allied inflammatory or degenerative joint diseases 
comprising a pharmaceutically acceptable carrier and at 
least any two of the compounds selected from the group 
consisting of hyaluronic acid or water soluble salts 
thereof, corticosteroids and compounds capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage. 

8. A composition as in claim 7 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof, a corticosteroid and a 
compound capable of maintaining the integrity of 
connective tissues, particularly joint articular cartilage. 

9. A composition as in claim 7 comprising a 
pharmaceutically acceptable carrier, hyaluronic acid or 
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water soluble salts thereof and a corticosteriod. 

10. A composition as in claim 7 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof and a compound capable o£ 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage. 

11. A composition as in claim 7 comprising a 
pharmaceutical!/ acceptable carrier, a corticosteroid and 
a compound capable of maintaining the integrity of 
connective tissues, particularly joint articular cartilage. 

12. A composition as in any one of claims 7 to 10 wherein 
the hyaluronic acid or water soluble salts thereof are of 
relatively high molecular weight. 

13 . A composition as in any one of claims 7 to 9 or claim 
11 wherein the corticosteroid is selected from the group 
consisting of hydrocortisone f prednisolone and 
triamcinolone as water soluble derivatives. 

14. A composition as in any one of claim 7 to 11 wherein 
the compound capable of maintaining the integrity of 
connective tissue is a polysulphated polysaccharide 
selected from the group consisting of xylan polysulphate, 
dextran sulphate, heparin, and those derived from 
chondroitin, keratan, dennatan, chitin, starch, 
amylopectin, cellulose, amylose, alginic acid, pectin, 
insulin and hyaluronic acid. 

15 . A composition as in claim 14 wherein the 
polysulphated polysaccharide is xylan polysulphate or 
dextran sulphate. 

16. A composition as in claim 15 wherein the xylan 
polysulphate has an' average molecular weight of 6000 
Daltons and a sulphur content of about 16%. 

17. A composition as in claim 14 wherein the 
polysulphated polysaccharide is a heterogeneous 
semi-synthetic glycosaminoglycan polysulphate in which 
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about 9 3% of the disaccharide repeating units is hexuronic 
acid glycosidically linked to galactos amine, the sulphur 
content is about 13.0% and the molecular weight is about 
10,000 Daltons. 

18. A composition as in any of claims 7 to 11 wherein the 
compound capable of maintaining the integrity of 
connective tissue is a compound as claimed in any one of 
claims 1 to 6 . 

19. A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
administering to an affected joint, an effective amount of 
a composition as claimed in any one of claims 7 to 18. 

20. A method for the treatment of arthritis and allied 
. inflammatory or degenerative joint diseases, comprising 

administering to an affected joint, an effective amount of 
a compound as claimed in any one 6t claims 1 to S. 

21. A method for the treatment of tumours, comprising 
administering to an animal having a tumour an effective 
amount of a compound as claimed in any one of claims 1 to 
6. 

22. A method of inactivating a virus, comprising 
contacting the virus with an effective amount of a complex 
as claimed in any one of claims 1 to 6. 
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AMENDED CLAIMS 

[received by the International Bureau on 9 September 1988 (09.09.88); 
original daxms 1-22 replaced by amended claims 1-25 (4 pages)] 

1. A multivalent metal , Ag+, Au* or quaternary 
ammonium complex of a polysulphated polysaccharide 
selected from the group consisting of polysulphates of 
dermatan, keratan, xylan, chrondroitin, hyaluronic acid, 
chitin, starch, amylopectin, cellulose, amylose, alginic 
acid and pectin. 

2. A complex as in claim- 1 wherein the polysulphated 
polysaccharide is selected from the group consisting of 
polysulphates of dermatan, keratan, xylan, chondroitin and 
hyaluronic acid. 

3. A complex as in claim 1 or claim 2 wherein the metal 
ion is selected from the group consisting of Ag + , Au+, 
Ca 2+ , Mg 2 +, Ba 2+ , Pb 2 + r Cu 2 +, Zn 2 +, Au 2 +, 

Fd 2 +, Pd 4 +, Pt 2+ and Pt 4+ . 

4. A complex as in claim 3 wherein the metal complex 
includes a proportion of monovalent ions. 

5. A complex as in claim 3 or claim 4 wherein the metal 
ion is Zn 2+ . 

6. A complex as in claim 1 wherein the guatenary 
ammonium compound is selected from pyridiniua chloride, 
cetylpyridinium chloride, N-Cetyl-tf,N,tf-tr ialkylammonium 
chloride or their derivatives* 

7. A comples as in claim 5 or ciaim 6 wherein the 
pentosan polysulphate is xylan polysulphate. 

8. A complex as in claim 7 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Dal tons, and a sulphur content of about 16%. 

9. A composition suitable for treating arthritis and 
allied inflammatory or degenerative joint diseases 
comprising a gharmaceutically acceptable carrier, a 
polysulphated polysaccharide selected from the group 
consisting of polysulphates of dextran, dermatan, keratan, 
xylan, chondroitin, hyaluronic acid, chitin, starch, 
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amylopectin, cellulose, amylose, alginic acid, pectin, and 
multivalent metal, Ag+, Au+ or quaternary ammonium 
complexes thereof, and at least any one of the compounds 
selected from the group consisting of hyaluronic acid or 
water soluble salts thereof and corticosteroids. 

10. A composition as in claim 9 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof, a corticosteroid and a 
polysulphated polysaccharide selected from the group 
consisting of polysulphates of dexttan, dermatan, keratan, 
xylan, chondroitin, hyaluronic acid, chitin, starch, 
amylopectin, cellulose, amylose, alginic acid, pectin, and 
multivalent metal, Ag+, Au* or quaternary ammonium 
complexes thereof. 

11. A composition as in claim 9 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof and a polysulphated 
polysaccharide selected from the group consisting of 
polysulphates of dextran, dermatan, keratan, xylan, 
chondroitin, hyaluronic acid, chitin, starch, amylopectin, 
cellulose, amylose, alginic acid, pectin, and multivalent 
metal, Ag+, Au* or quaternary ammonium complexes 
thereof. 

12. A composition as in claim 9 comprising a 
pharmaceutical^ acceptable carrier, a corticosteroid and 
a polysulphated polysaccharide selected from the group 
consisting of polysulphates of dextran, dermatan, keratan, 
xylan, chondroitin, hyaluronic acid, chitin, starch, 
amylopectin, cellulose, amylose, alginic acid, pectin, and 
multivalent metal, Ag+, Au+ or quaternary ammonium 
complexes thereof. 

13. A composition as in any one of claims 9 to 12 wherein 
the hyaluronic acid is of relatively high molecular weight. 
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14. A composition as in any one of claims 9, 10, 12 oc 13 
wherein the corticosteroid is selected from the group 
consisting of hydrocortisone, prednisolone and 
triamcinolone as water soluble derivatives. 

15. A composition as in any one of claims 9 to 14, 
wherein the pentosan polysulphate is xylan polysulphate. 

16. A composition as in claim 15 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons and a sulphur content of about 16%. 

17. A composition as in any one of claims 9 to 14 wherein 
the polysulphated polysaccharide is a heterogeneous 

semi -synthetic glycosaminoglycan polysulphate in which 
about 93% of the disaccharide repeating units is hexuronic 
acid glycosidically linked to galactosamine, the sulphur 
content is about 13.0% and the molecular weight is about 
10,000 Daltons. 

18. A composition as in any one of claims 9 to 14, 
wherein the metal ion is selected from the group 
consisting of Ag+, Au>, Ca2+, Kg2+, Ba2+, 

Pb2 + , Cu2+, Zn2+ r Au2* f Pd2+, Pd**, Pt2+ and 
Pt* + . 

19. A composition as in claim 18 wherein the metal 
complex includes a proportion of monovalent ions. 

20. A composition as in claim 18 or claim 19 wherein the 
metal ion is Zn 2 + and the polysulphated polysaccharide 

is xylan polysulphate. 

21. A composition as in claim 20 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltoni and a sulphur content of abut 16%. 

22. A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
administering to an effected joint, an effective amount of 
a composition as claimed in any one of claims 9 to 21. 

23. A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
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administering to an affected joint, an effective amount of 
a complex as claimed in any one of claims 1 to 8. 

24. A method for the treatment of tumours, comprising 
administering to an animal having a tumour an effective 
amount of a complex as claimed in any one of claims 1 to 8 

25. A method of inactivating a virus, comprising 
contacting the virus with an effective amount of a complex 
as claimed in any one of claims- 1 to 8. 
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rT TTT TnmF n»q«n»T rwr T ™" g AWn tompostttons 

TnrnT!Tff* T - ttbld 
The present invention relates to compounds, 
compositions and methods for the treatment of arthritis 
and allied inflammatory conditions. More particularly the 
invention relates to novel metallo complexes of 
polysulphated polysaccharides, compositions including 
those compounds, compositions including any two of the 
compounds selected from hyaluronic acid or water soluble 
salts thereof, corticosteroids and compounds capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage and methods for 
treating arthritis and allied inflammatory conditions 
using these compounds and compositions. 

Arthritis and other related inflammatory conditions 
are generally debilitating, painful diseases that affect 
the joints of a significant portion of the human arid other 
animal populations. As a result of the wide spread 
occurrence of such diseases, considerable medical effort 
has been directed towards producing and identifying 
therapies that are able to at least relieve some of 
attendant pain, and produce regression of the malady. 

as a result of this work, many compounds have been 
found to be useful in the treatment of such inflammatory 
diseases with varying degrees of success being achieved in 
relieving the pain of the disease and the restoration of 
the affected joints to normal function. 

One of the earliest compounds to be used -to treat 
inflammatory disease, which was found to have some effect 
in relieving pain, was salicylic acid. Unfortunately, 
this compound was found to be excessively irritating to 
the gastrointestinal tract. Accordingly, many derivatives 
of salicylic acid were evaluated for anti-inflammatory 
activity which resulted in the identification of aspirin 
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as an effective and relatively safe anti-inflammatory 

the discovery of aspirin, many other compounds 
have been produced which are clawed to be .ore effects 
5 than aspirin. These include such compounds as the 
pnenylacetic acids exemplified by ibuprofen and .ore 
recently identified compounds such as naproxen and 
sulindac. Strong anti-inf lanmatory potency has been 
• achieved with the corticosteroids (e.g. hydrocortisone, 
10 dexamethasone, prednisolone, methyl prednisolone, 

betamethasone, paramethasone, and triamcinolone) as their 
water soluble and insoluble derivatives and these are also 
widely prescribed. • 
However, all of these prior art compounds and 
15 compositions whilst displaying satisfactory ^** L ° 
antiinflammatory properties, in that they 
pain to a certain extent in most cases, any beneficial 
effect that they have in restoring joint function is 
usually only transitory. • 
20 sLthermore, prolonged therapy with these prior art 

compounds and compositions while providing continuing pain 
relief for many sufferers can lead to breakdown and 
failute of connective tissues, particularly articular 
cartilage which in fact may exacerbate the problem. 
25 Example! of this phenomenon are described by, J-manan* 
Ling, Lancst July 6, 11-14, 1985; Watson, On^B**. , 
■Li 26-30, 1976; McKenzie, Horsburgh, Ghosh and Taylor 

4ft7 .4i7 1976; Burkhardt and Ghosh, 
Ann FtiPiint. nla. 487-417, 1976, 
rmlnnrr «- ******* ™<1 fflwMtla, suppl.i, 11, l 34, 
30 ^87 Corticosteroids, while still extensively used as 
anti-inflammatory agents for intraarticular treatment of 
severe arthropathies, are amongst the most potent 
inhibitors of connective tissue growth, repair and 
biosynthesis of matrix components (see Silbermann «t al. , 

35 jnnr I- 87 - 106 ' 1987 ' Rimzaf ™ J ' P 
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CMld. 122, .806-810, 1978; Canalis, flrnltKrlnologT , 112' 
931-939/ 1983; Reynolds, fftll . RQ3. 11, 174-189, 

1966; Oikarinen, Piortipm, Pharmacol, 2£, 875-879, 1977, 
Silbermann et al., Growth, H< "-96, 1983, Saarni, 
5 ^orheni PTuirMICQl. 2ft, 1961-1966, 1977 Olah , and 

Kostenszky, Urtn Mol . ML 21, 129-134, 

1976). Many clinical reports have appeared condemning the 
long term uses of these agents, reviewed by Neustadt, in 
••Osteoarthritis, Diagnosis and Management, Chapter 19, 
10 Eds. Moskowitz, Howell, Goldberg, Mankin, W.8. Saunders 

and Co. 1984). 

in more recent times, considerable research has been 

conducted td elucidate the causative mechanism of 
arthritis and other inflammatory diseases. Included in 

15 this work has been investigations of the normal joint 
function and the recognition of pathological signs 
associated with the disease. 

As a result of the aforementioned work, hyaluronate 
has been identified as one of the major non-protein 

20 components present in the synovial fluid of animal joints 
and it has been found to be largely responsible for the 
rheological properties of synovial fluid, these properties 
being dependent on the concentration and molecular size of 
the hyaluronate. It should be noted that hyaluronate is a 

25 naturally occurring glycosaminoglycan present in many 

tissues, in addition to the synovial fluid, of the bodies 
of animals. 

as a consequence of this latter finding, work has 
been directed towards determining the role of hyaluronate 

30 in normal joint function and the changes, if any, that 
occur in diseased joints. The findings of this latter 
work has led to the suggestion that application of 
hyaluronate, obtained from disease free tissues, to 
diseased joints may assist in restoring normal joint 

35 function and the relief of pain associated with the 
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diseased joints. 

However, it would appear that the results of such 
treatments in the past have been disappointing since the 
newly introduced hyaluronate is itself rapidly broken down 
5 Z ^ inflatory cells free radicals and their enzy.es 
within the joint thereby losing its beneficial properties. 

This finding also suggests that even if hyaluronate 
of the correct molecular size range was applied to 
diseased joints, it is likely that only temporary relief 
0 would result unless the hyaluronate was provided to the 
■Joint on a continuous basis. 

Moreover, it has been found in vitro by the present 
inventors that hyaluronate synthesized by cells derived 
from arthritic synovial joints is of a smaller molecular 
5 size than that normally secreted. This finding suggests 
that to further restore normality of function the 
production of hyaluronate within the joints should be 
controlled to ensure that the hyaluronate produced is of 
the correct molecular size range. 
20 in accordance with the finding of molecular size 

reduction of hyaluronate in diseased joints, as well as 
the rapid breakdown and loss of normal size by hyaluronate 
when introduced into the pathological joint, and the 
benefit to be gained by, controlling the synthesis of 
25 hyaluronate of the correct molecular size range, the 
present inventors have surprisingly found that by 
combining hyaluronate with compounds which suppress the 
migration into the joint of inflammatory cells, the 
release by these cells of inflammatory mediators ,„ free 
30 radicals and proteolytic enzymes, then the integrity and 
biosynthesis of the hyaluronate may be preserved. 

p T firT.n g ™»fl OF T wvmn ' TQW 
The present invention consists in a first aspect in a 
composition for treating inflammatory joint diseases 
35 comprising a pharmaceutical^ acceptable carrier, and at 
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least any two of the compounds selected from the group 
consisting of hyaluronic acid or water soluble salts 
thereof, corticosteroids and compounds capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage. 

in a second aspect, the present invention further 
consists in a method for the treatment of inflammatory 
joint diseases, comprising administering to an affected 
joint, an effective amount of a composition comprising a 
pharmaceutical^ acceptable carrier, and at least any two 
of the compounds selected from the group consisting of 
hyaluronic acid or water soluble salts thereof, 
corticosteroids and compounds capable of maintaining the 
• integrity of connective tissues, particularly joint 
15 articular cartilage. 

In one embodiment, the inventive composition 
comprises a phannaceutically acceptable carrier, 
hyaluronic acid or water soluble salts thereof, a 
corticosteroid and a compound capable of maintaining the 
20 integrity of connective tissues, particularly joint 
articular cartilage. 

The advantage of the inventive composition and method 
are clear in that they offer the possibility of being able 
to effectively treat a range of inflammatory joint 

25 diseases. ? 

Compounds of the invention which are capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage include 
polysulphated polysaccharides such as xylan polysulfate or 

30 Arteparon (registered trade mark of Luitpold GmbH for 
dextran sulphate) . 

The most preferred corticosteroids include 
hydrocortisone, prednisolone and triamcinolone as water 
soluble derivatives. 
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FIGURE 1 - Effects of Pentosan polysulphate (SP54") 
and Arteparon* at various concentrations on the in vitro 
biosynthesis of hyaluronic acid by human synovial 

5 fibroblasts . 

FIGURE 2 - Effects of (A) hyaluronic acid (HA) alone, 
(B) Pentosan polysulphate (SP54" ) alone, and (C) a 
combination of HA and SP54 on the in vitro biosynthesis of 
HA by human synovial fibroblasts. 

10 FIGURE 3 - Prom the 1 3 C-NMR data the position of 

the zinc [A] and calcium [BJ atoms in the complexes formed 
with Pentosan polysulphate are shown as black spheres. 
Note that in the zinc complex [A] the metal resides in the 
cleft between the pentosan rings, whereas in [B] the 

15 calcium occupies a position across the C-3 and C-5 

positions of the sugar ring and close to the sulphate 
groups . 

FIGURE 4 - Sephadex G-25 chromatography of DH40G 
using HEPES buffer (50nll) at pH 7.0. Fractions were 
20 assayed for sulphated polysaccharides using the Famdale 
et. al. assay (Connective Tissue Research, 1, 247-249, 
1982) , Zn was determined by atomic absorption spectroscopy 
and is shown as ug/ml ( ||| ) • 

FIGURE 5 - Inhibition of human granulocyte elastase 
25 (HGE) by Pentosan polysulphate (SP54» ) ( @ ) / 

DH40J ( A > and DH40Y ( A )• The IC50 < u */ ml > for thSSe 
three drugs are shown. 

FIGURE 6 - Inhibition of human granulocyte elastase 
(HGE) by Pentosan polysulphate (SP54" ) (Q ), 
30 DH40J ( @ ), ZnS0 4 ( LJ ) and ZnS0 4 + SF54» in the 
ratio of (1:0:18) (Q ). Wl 

FIGURE 7 - Anticoagulant effect of Heparin ( £|| ) 
Pentosan polysulphate (SP54» ) {%), DH40J ( A ) ' 
DH50 ( A > and DH8 ° ( X 1 against guinea pig plasma. 
35 FIGURE 8 - Anticoagulant ability of Heparin ( ^ ), 
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Pentosan polysulphate (SP54* ) ), DH4 0G ) and 

DH40J ( A ) a9 ainst guinea pig plasma. 

FIGURE 9A - Effect of Heparin ( ) , SP54 R ( ^ ) , 
SP54" + Zn ++ in the ratio (1:0.176) or (1:0.22) 

DH40J ( ^ )/ DH40Y ( ||| ) or ZnSO* ( X ) on the 
prothrombin time of normal human plasma. 

FIGURE 9B - Anticoagulant effect of Heparin ( ^ ) 
Pentosan polysulphate (SP54") ( A ) * Dextran 
polysulphate (DS5000) ( ^ ), Dextran polysulphate 
(DS5000) + ZnSO* in the ratio of (1:0.47) ( (3) ) , 
Dextran polysulphate (DS5000) -Zn chelate complex (|j ) 
and ZnS0 4 ( <^ ) against guinea pig plasma. 

FIGURE 10 - Schematic representation of the methods 
used to evaluate the inhibitory effects of drugs on IL-1 
15 (in macrophage supematants) mediated degradation of 
cartilage in vitro. ''-Sulphate was used to radiolabel 
proteoglycans in rabbit joint articular cartilage. 
Thioglycolate was used to stimulate accumulation of 
activated macrophage in rabbit peritoneal cavity. 
20 FIGURE 11 - Effects of DH40G or saline control on the 

IL-1 mediated degradation of rabbit cartilage in vitro. 
In the control groups: 
( 0 ) = cartilage incubated alone 
(£§]) = cartilage + 5 x 10* macrophage 
25 ( H ) " cartilage +1:10 dilution of macrophage culture 
media 

In the DH40G group the experimental conditions were the 
same as controls but 200ug/ml of drug was used. 

FIGURE 12 - Proteoglycan content (as determined by 

30 Uronic acid) of articular cartilages implanted in rat air 
pouches subjected to (1) physiological saline ( fig ), (2) 
peptone ( )/ and (3) peptone + DH40J ( Q ) treatment 
for seven days at lOmg/kg/day. ** Indicates statistically 
different to non-drug treated group (2) (p< 0.001). 

35 FIGURE 13 - 4.0 M-GuHCl extract ability of 
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proteoglycans from articular cartilage removed from rat 
air pouches after treatment with (1) physiological saline 
( m ), (2) peptone ( || )/ and (3) peptone + DH40J ( □ ) 
treatment at lOmg/kg/day for seven days . ** Indicates 
5 statistically different to non-drug treated group. (2) 
(p< 0.005). 

FIGURE 14 - Aggregation (as a % of total present) of 
proteoglycans extracted from articular cartilages 
implanted in rat air pouch subjected to (1) physiological 
10 saline ( ■ ), (2) peptone ( Q ), and (3) peptone + DH40J 
C □ ) treatment at lOmg/kg/day for seven- days . ** 
indicates statistically different to non-drug treated 

group (2) (p < 0.001). 

FIGURE 15 - Effects of Pentosan polysulphate 
15 (SP54*) ( # )r DH40J ( | ), ZnS0 4 ( Q ) and SP54* 

+ ZnS0 4 in the ratio of 1.0:0.2) ( O > oa DNA SY 1 ** 16813 
by a human synovial fibroblast line derived from synovium 
of an osteoarthritic joint. 

FIGURE 16 - Effects of Pentosan polysulphate 

20 (SP54» )'(•)' DH4QJ ( A > and DH40T ( A } on tnQ 111 

vitro synthesis of proteoglycans by rabbit articular 
chondrocytes. Vales shown are means + SD, n = 4. 
* indicates values statistically significantly different 
from SP54 R (p < 0.01) . 
25 FIGURE 17 - Effects of hydrocortisone at various 

molar concentrations (M) on the in vitro biosynthesis of 
hyaluronic acid by a synovial fibroblast cell line derived 
from OA joint. 

i^j - mean SD. 
30 FIGURE 18 - Effects of various concentrations (ug/ml) 

of DH40J on the in vitro biosynthesis of hyaluronic acid 
by a synovial fibroblast line derived from OA joints. 

|U = mean □ - SD. 
Notex at O.lOug/ml DH40J was approximately 2x more 
35 stimulatory than SP54* at the same concentration. 
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FIGURE 19 - Combined effects of hydrocortisone (at 
10- 6 M) and Pentosan polysulphate (SP54") at various 
concentrations on the in vitro biosynthesis of hyaluronic 
acid by a synovial fibroblast line derived from OA joints. 
5 ^ = mean □ - SD 

Note* at 0.25ug/ml biosynthesis of HA suppressed by 
hydrocortisone was almost, but not totally, restored to 

control value. 

FIGURE 20 - Combined effects of hydrocortisone (at 
10 10- 8 M) and Pentosan polysulphate (SP54*) at various 

concentrations on the in vitro biosynthesis of hyaluronic 
acid by a synovial fibroblast line derived from OA joints. 

|2 = mean □ - SD 
Note: that at concentrations between 0.1-1.0ug/ml SP54" 
15 fully restored synthesis to control values even in the 
presence of hydrocortisone. 

FIGURE 21 - Combined effects of hydrocortisone (at 
10" 8 M) and DH40J at various concentrations on the in 
vitro biosynthesis of hyaluronic acid (HA) by synovial 
20 fibroblasts derived from OA joints. 
|Q - mean □ = SD 
Note: at 0.25ug/ml DH40J restored the biosynthesis of HA 

to normal values . 

Polysulphated polysaccharides such as heparin and 

25 those derived from chondroitin, keratan, dermatan, chitin, 
dextran (polyglucoses) , xylans (polypentoses) , starch, 
amylopectin, cellulose, amylose, alginic acid, pectin, 
inulin and hyaluronic acid have been shown to have a 
variety of biological activities. Note that heparin is 

30 the only naturally occurring polysulphated 

polysaccharide. The most widely studied activities 
includes inhibition of acid and neutral proteinases (e.g. 
human granulocyte elastase, HGE) and lysosomal hydrolases 
(e.g. hyaluronidase), anti-viral (e.g. Herpes Simplex), 

35 anti-inflammatory and anti-coagulant activity. 
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In. some instances the potency of the biological 
activity of a particular polysulphated polysaccharide has 
led to its commercial development. One example is 
Arteparon* (trade mark of Luitpold-Werk) which consists 
5 predominantly of polysulphated chondroitin. This compound 
has been used as an anti-arthritic drug. 

Another example is SP54" (trade mark of Benechemie 
GmbH) which is a pentosan polysulphate sodium, salt. This 
compound has found wide application as an anti-thrombotic , 
10 anti-arteriosclerotic, and anti-hyperlipidaemia agent. 
SP 54* (trade mark of Benechemie GmbH) is the 
sodium salt of a semi-synthetic polysulfated xyloside 
having an average molecular weight of about 6000 Daltons 
- and a sulphur content of about 16%. This compound has 
15 been known since, the early 1960s to be a synthetic 

heparinoid and an anti-thrombotic agent. The structural 
formula is shown below. 



20 




Its properties were described in a paper by Halse, 
30 Th, entitled: "Aktivierung Der Fibrinolyse Und Thrombolyse 
Durch Polysaccharidschwefel-Saureester" Ar2neim. - Forsch 
12/ 574 (1962). This compound has also been found to have 
some anti- inflammatory properties as reported by Kalbhen, 
DA, in Pharmacology 1, 74 (1973). 
35 That SP 54 will inhibit PHN elastase and other 
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enzymes has been known for some time and it is known that 
PMN elastase is a potent degrader of connective tissues, 
including articular cartilage. Consequently, investigators 
have attempted to elucidate the mechanism of inhibition 
5 with a view to discover the possible role of 

anti-inflammatory and anti-rheumatic drugs as proteinase 
directed inhibitors. An example of one such investigation 
is that reported by Baici et al in Biochem. Pharmacol. 2SI, 
703 (1981). in this latter paper, SP 54" was shown to 
10 be a potent inhibitor of proteolytic and hydrolytic 
enzymes . 

in addition, Andrews et al in Chem. Biol, 
interactions 11, 157 (1983) have shown that SP 54" binds 
to articular cartilage and connective tissues. 

15 Without being bound by theory, the present inventors 

believe that SP 54" may function by protecting articular 
cartilage and other connective tissue from breakdown in 
the pathological state as well as stimulating their repaxr 
and restoration of normal function. 

20 Arteparon" is a mucopolysaccharide polysulphuric 

acid ester produced by Luitpold GmbH. More specifically, 
it is a heterogeneous semi-synthetic glycosaminoglycan 
polysulfate in which the predominant (about 93%) 
disaccharide repeating unit is hexuronic acid 

25 glycosidically linked to galactosamine. Approximately, 
four of the free hydroxyl groups of the disaccharide 
repeating unit of Arteparon are esterified by sulfate 
groups to give a sulfur content of about 13.0% by weight. 
The commercial preparation has a molecular weight of about 

30 10,000 Daltons. 

Illustrative of this effect is the data shown in 
Fig. 1 where it can be seen that SP54 and Arteparon" 
stimulates the biosynthesis of hyaluronic acid (HA) in 
human OA synovial fibroblasts in a concentration manner. 

35 it should be noted that while the stimulatory effect of 



WO 88/07060 



- VI - 



PCT/AU88/00077 



Arteparon on HA biosynthesis is known (Verbruggen and 
v ey s), A-tn, PH^nl 1, 75-92, 1977) that of SP54 

has not been previously reported) . A recent publication 
by Smith and Ghosh in RnfttimatQlogy Internat i ona l It 
5 113-122, 1987 demonstrated that high molecular weight 
( y 3.0xl0 6 Daltons) HA could also stimulate de novo HA 
synthesis by synovial fibroblasts and the present 
inventors have found that this effect is augmented by the 
addition of Arteparon" or SP54 R to the high molecular 
10 weight HA preparation. This is illustrated in Figure 2 

where it can be seen that the addition of a combination of 
high molecular weight HA and SP54 to synovial cells in 
culture leads to a greater synthesis of HA than if either 
agent was used alone. 
15 The substances, SP54* and Arteparon 11 are potent 

-inhibitors of proteases, which destroy joint articular 
cartilage. They also suppress the egress into the joint of 
inflammatory cells, such as PUN cells which as previously 
mentioned are responsible for hyaluronate breakdown. In 
20 this way, the inventors believe that SP54 and Arteparon 
both protects and promotes normalization of joint 
hyaluronate and articular cartilage and work in 
combination with high molecular weight hyaluronate which 
provides the rheological properties necessary for 
25 efficient biomechanical function. 

Although the aforementioned polysulphated 
polysaccharides of. the first and second aspects of the 
invention have found a diversity of clinical applications, 
th.eir basic structural similarity as linear polyanions has 
30 resulted in a profile of biological activities which are 
shared by most members of this chemical family. 
Naturally, however, the biological activities of each of 
the members varies, not necessarily in any predictable 
manner. 

35 Further, it must be appreciated that whilst such a 
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spectrum of biological activities may be of considerable 
scientific interest in cases where the biological 
activities of a compound conflict, such compound could be 
deleterious as an agent to be used for therapeutic 
5 purposes . 

One example is that in the treatment of arthritis, 
the patient is generally administered daily doses of a 
suitable drug for several months or years and should the 
drug used also suppress blood clotting mechanisms 

10 i.e. have anti- thrombotic, fibrinolytic, or 

thrombocytopenic activity, haemorrhage following acute 
injury or menache may occur. 

In relation to the polysulphated polysaccharides, a 
' number of compounds have been shown to have potent 

15 anti-thrombotic or anti-coagulant activity, which has 
therefore limited the use of such compounds particularly 
in long term therapy of the type outlined above. 

Some selectivity of biological action of the 
polysulphated polysaccharides is therefore desirable and 

20 has been achieved by varying the degree and position of 
sulphate substitution in the polysaccharide rings. 

The molecular weight of polysulphated polysaccharides 
has also been shown to be a determinant of biological 
activity. Thus, it has been report by Ricketts in 

25 Biochem. J. 31, 129-133 (1952) that for the dextran 

polysulphates, the high moleuclar weight analogues were 
more toxic than the low molecular weight species . It was 
also found that the. degree of sulphation was an important 
determinant of anti-coagulant activity. In addition the 

30 anti-coagulant properties of the heparins have also been 
shown to be dependent on the molecular size of fractions 
used. (Casu, B, in Advances in Carbohydrate Chemistry and 
Biochemistry 11, 51-134, 1985). 

in a more recent paper, published in Archives 

35 Internationales de. Pharmacodyanamie de Therapie, 22Z(2) 
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196-208 (1986), the authors showed that a high molecular 
weight analogue of SP54 R (SR 24751) and SP54 R where 
active in vitro in improving proteoglycan incorporation 
into the extracellular matrix. However, a low molecular 
5 weight .fraction of SF54* (SR 25491) and Arteparon* 
(Registered trade mark of Luitpold-Werk GmbH) were 
inactive. 

It is preferred that the hyaluronate used in the said 
combinations is of a molecular size lying within the 

10 normal size range found in the joint of the animal to be 
treated. In the case where humans are treated, a 
preferred source of the hyaluronate is that obtained from 
bovine synovial fluid by a method disclosed in the PCT 
• application of D. Cullis-Hill, PCT/AU86/00129. 

15 As already mentioned, corticosteroids are extremely 

potent anti-inflammatory agents with widespread 
application in both veterinary and human medicine. The 
limitation of this useful property is the suppressive 
effects of these drugs on connective tissue metabolism 

20 which in itself can be extremely harmful to the joints and 
tissues so treated. In this regard the present inventors 
have found that by using combinations of anti-inflammatory 
corticosteroids and sulphated polysaccharides such as 
xylan polysulphate, Arteparon R , dextran sulphates, 

25 dermatan polysulphate, chitosan polysulphate, and the like 
that the degenerative effects of the corticosteroid may be 
attenuated. 

For example it is known that the weekly intra- 
articular administration of hydrocortisone for eight weeks 
30 will induce the loss of proteoglycans (PGs) from joints of 
rabbits so treated (Oegema and Behrens, Archives Qf 

RinrhPTtiist ry pnH THnphyilca. 2H£, 277-284, 1981). The 

present inventors have found, however, that when this 
glucocorticoid is administered in combination with the 
35 inventive polysulphated polysaccharides, degradation and 
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loss of proteoglycans from joint cartilages can be 
prevented. 

The results obtained for hydrocortisone (50mg) and 
pentosan polysulphate (5mg) when administered 
5 intra-articularly to rabbits, relative to hydrocortisone 
(50mg) alone are shown in Table 1. As can be seen the 
hydrocortisone-SP54« combination reduced loss of 
hexuronate (a measure of proteoglycan content), restored 
PG extractability and elevated the de novo biosynthesis of 
10 matrix 3 s s _i ab elled PGs (specific activity). 

Those inflammatory joint diseases which may be 
effectively treated with the present invention include 
arthritis, tendonitis and bursitis. By effective 
treatment, it is meant that pain associated with the 
15 disease is reduced and normal joint function is restored. 
The preferred method of administration of the 
composition of the invention is by direct injection into 
the appropriate pathological tissues, for example, the 
synovial cavity of an arthritic joint. In such cases, the 
20 carrier would be normal sterile physiological saline. 

However the inventors have also found that the inventive 
compositions when used in higher concentrations may be 
employed systemically ( intra-muscularly, sub-cutaneous ly, 
intravenously topically). 
25 The actual amount of hyaluronate or corticosteroid 

and compound capable of maintaining the integrity of 
connective tissues administered, may vary widely depending 
on the size of the species of animal to be treated, the 
pathology of the tissue or joint and the tissue or joint 

30 to be treated. 

in one example of the invention, it was found that m 
the canine, an injection containing 5 mg of sodium 
hyaluronate and 5 mg of SP 54 dissolved in 1 ml of sterile 
saline injected into the stiffle joints or the metacarpal 

35 joints of animals troubled with traumatically induced or 
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inflammatory arthritis, resulted in the recovery of 
function within five days of administration. 

In. the case of the horse, however, 25 mg of 
hyaluronate in 2ml of sterile saline could be used in 
5 combination with 25, 50 or 100 mg of SP 54 .depending on 
the joint or tissue to be injected. 

For corticosteroid/pentosan polysulphate 
combinations, excellent clinical results have been 
obtained in lame racing greyhounds with 5 . Omg of the 
10 pentosan polysulphate and 20mg of the corticosteroid 
administered once only as a single injection into the 
affected joint. When administered intra-muscularly 50mg 
of pentosan polysulphate was used with 80mg of 
hydrocortisone or methyl prednisolone acetate. 
15" Naturally, it would be expected that alkali metal 

salts other than the sodium salt (SPS»), would have a 
similar effect. 

Although the present inventors have found that the 
polysulphated polysaccharides of the first aspect of the 
20 invention are useful in compositions including either 

corticosteroids or hyaluronic acid, or water soluble salts 
thereof, the present inventors have further found that 
when the polysulphated polysaccharides are present as 
particular complexes, the suppression of blood clotting 
25 mechanisms by the polysulphated polysaccharides is greatly 
reduced whilst the anti-arthritic, anti-inflammatory 
activity is enhanced. The effective polysulphated 
polysaccharides are believed to be those polysaccharides 
selected from the group consisting of dextran, xylan, 
30 chondroitin, dermatan and hyaluronic acid. The effective 
complexes are those formed between the aforementioned 
polysulphated polysaccharides and multivalent metal ions, 
Ag* and Au* , and quaternary ammonium compound 
complexes . 

35 The preferred polysaccharide is- xylan polysulphate, 
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most preferably SP54 R . 

The particular complexes are selected from the group 
consisting of Ag* , Au* , Ca 2 *, Mg 2 *, Ba 2 +, 
Pb 2+ r Cu 2 *,.Zn 2 *; Au 2+ , Pd 2 *, Pd<*, Pt 4+ , 
5 Pt 2 *, trivalent metal ions, and quaternary ammonium 

compound complexes. Examples of the latter compounds are 
pyridinium chloride, tetraalkyl ammonium chloride, choline 
chloride, cetylpyridinium chloride, N-ce tyl -N , N , N - 
trialkylammonium chloride or their derivatives. 
10 The most preferred of these is the zinc complex. 

The inventors are aware of Australian patent 
application 24412/84 (Sanofi et al) in which there is 
disclosed particular xylan sulphates which are claimed to 

* have broadly enhanced anti-thrombotic and anti-coagulent 
15 activity compared with heparin. The essence of this 

invention is the selection of particular molecular weight 
fractions and degrees of sulphation of SP54. Further, it 

* is noted that the inventors state that compositions of the 
invention may be useful in treating rheumatoid arthritis, 

20 arthrosis and osteoarthritis. However, sugh properties 

are not quantified in any way and as SP54 is known to have 
such activity, the suggestion that the compositions of the 
invention may be useful in such therapy i& hardly 
surprising. 

25 The inventors are also aware of US4465666 (Lukas et. 

al) and EP12115 (Lukas et al) in which there are disclosed 
compositions containing zinc ions and an acid sulphated 
polysaccharide or polymer chosen from heparin dextran 
sulphate and polyvinyl sulphate. It is also disclosed 

30 that other acid sulphated polysaccharides may be used such 
as chondroitin sulphate, carragheenan, sulphated 
polypentosan, sulphated dextrans and sulphated 
polyglucoses. In addition, pharmaceutic ally acceptable 
salts such as the potassium and sodium salt of these acid 

35 sulphated polys accharideis are also taught as being 
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effective. 

However, this prior art does not disclose the 
compounds of the present invention nor suggest that such 
compounds would have the utility found by the present 

5 inventors. 

The present inventors have shown that because of the 
unusually strong affinity of the metal in these complexes 
of the invention for certain sulphate esters and oxygen 
atoms present on the carbohydrate rings of the 

10 polysaccharide, the' metal alters the conformation and 
rigidity of the polymer chain thereby influencing its 
biological activity. 

This biological activity occurs only when the 
complexes are prepared according to the methods described 

15 herein, or their equivalents, since they are well defined 
compounds as shown by microanalysis and 1 3 C - NMR 
spectroscopy. Moreover, by simply mixing zinc ions and 
sulphated polysaccharide in a variety of ratios (as 
described by US4465666 and EP 12115 (Lukas et al) as a 

20 means of confering antiviral activity) did not "P" duc * 
the biological activity of the metallo complexes descried 
in this invention as demonstrated by three examples 
described in the section following on biological 
activities. 

25 Some explanation of the antiviral activity of the 

mixtures prepared by Lukas et al might be attributed to 
the high molecular weight polymers they utilize e.g. 
Dextran sulphates M.W. 8 x 10* - 2 x 10< were given as 
examples whereas in the present invention polymers with 

30 MWs of 30,000 or less were utilized, (e.g. Dextran 

sulphates, 5-10,000 Da and Xylan polysylphates 3-10,000). 
It should also be noted that the- very high ratios of 
polysulphated polysaccharides to zinc were used by Lukas 
et al which for the most part are far in excess of that 

35 existing in the pure compounds claimed. 



WO 88/07060 



PCT/AU88/Q0077 



- 20 - 

The present inventors believe that the Ag* , Au* , 
divalent metals including Ca 2 + , Mg 2 *, Ba 2+ , Pb 2+ , 
Cu 2+ , Zn 2 *, Au 2 * / Pd 2+ f Pt 2+ , trivalent metal , , 
Pd 4 * , Pt 4 + complexes and the quaternary ammonium 
5 complexes are novel and non-obvious compounds. 

Furthermore, it has been found that the zinc complex is 
effective alone in the treatment of arthritis and related 
inflammatory joint diseases. The inventors believe that 
the, other complexes would have a similar property. 

IQ The inventors have also found that the unique 

biological activity of the sulphated polysaccharides 
induced by chelation with divalent and trivalent metals is 
not confined to 100% substitution of available sites by 
- these substituents. Thus on a weight/molar basis they 

15 have found, that multivalent,, particularly , divalent or 
trivalent metal substitution of monovalent ions between 
the range of 1% - 100% may also induce conformational 
changes in the polysulphated polysaccharide thereby 
influencing its biological activity. Examples for 8.5%, 

20 83% and 100% substitution of sodium ions by zinc ions in 
the sulphated xylans are given as typical examples of this 
effect. 

The 1 3 C-NMR data derived from the three 
zinc-pentosan polysulphate penetration complexes 8.5% Zn 

25 (DH40G), 83% Zn (DH40J) and 100% Zn (DH40T) Showed that as 
the amount of zinc chelated increased the binding 
increased. From this we may deduce that the rigidity of 
the conformation of the complexes increased in. the order 
DH40G (8.5% zinc) DH405J (83% zinc) DH40Y (100% zinc) 

30 and from the biological data it would appear that total 
substitution of all Na* by zinc* may lead to a 
conformation which is very rigid. 

As a consequence of this, the formation of these 
metallo-polysulphated polysaccharide complexes provides a 

35 useful means of transporting selected metals into bodily 
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tissues, since unlike the known salts of the polysulphated 
polysaccharides like sodium, potassium, or ammonium, which 
dissociate into the respective ions when dissolved in 
water, the complexes of the present invention do not 
5 dissociate in a aqueous or physiological media. 

Zinc and to lesser extent Mg** by virtue of their 
ionic radii and electronic configuration appear from the 
1 3 C-NMR spectroscopic studies described herein to occupy 
sites within the polysulphated polysaccharide chain which 

10 are quite different to the larger atoms -Ca* + , Cu** , 
Ba** r Fe** etc. The conformations adopted by these 
respective complexes is shown in Figure 3(A) and (B) where 
it is evident that in the case of pentosan poly sulphate 
complex, zinc occupies a position in which the oxygen of 

15 the glycoside linkage and oxygens to the sulphur esters in 
the 2 and 3' positions in adjacent rings can efficiently 
interact with it. It is these multiple site interactions 
and ability of zinc to fit into the space available 
between rings which render these complexes energetically 

20 favourable and thus stable. Significantly the biological 
activity of the zinc complexes are different to the metal 
complexes formed with other metals. (See section on 
biological activity) . 

The compounds of the invention have particular 

25 utility in the treatment of rheumatoid arthritis, 

osteoarthritis and related inflammatory joint conditions 
as well as cancer and wound healing. These compounds would 
also be expected to be antiviral. 

Inventors believe that this utility stems from the 

30 ability of the compounds of the invention to inhibit the 
release and the action of the serine proteinases, e.g. 
human granulocyte elastase (HGE), plasminogen activator 
and tumour derived elastase, The importance of this 
inhibition is that in osteo- and rheumatoid arthritis, the 

35 proteoglycans of joint articular cartilages are depleted 
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due to excessive degradation by proteinases. Note that 
proteoglycans of the extracellular matrix confer the 
property of resilience and are therefore essential to the 
biomechanical performance of these tissues • 
5 In all tissues, tumour cell metastasis is dependent 

on the breakdown of the extracellular matrix to allow 
proliferation and migration of the neoplastic cells to 
other sites. A proliferating tumour mass also requires a 
good blood supply for survival and breakdown of the matrix 
10 to allow penetration of blood vessels is also a 

prerequisite for tumour expansion within the host tissue. 
Tumour cells and activated endothelial cells of the blood 
capillaries achieve this objective by the release of 
- enzymes which can directly and indirectly degrade the 
15 extracellular, matrix. Of particular importance are the 
serine proteinases (such as the plasminogen activators and 
elastase like enzymes) used by the tumour cells to 
activate blood borne zymogens e.g. plasminogen, and normal 
connective tissue cell latent enzymes, e.g. metallo 
20 proteinases (collagenase, proteoglycanases etc), and 
serine proteinases zymogens which can directly and 
indirectly degrade the components of the extracellular 
matrix. The inventive metallo polysulphated 
polysaccharides are potent inhibitors of the serine 
25 proteinases produced by mammalian tumour cells lines and 
thus have potential utility as anti-cancer / ant i-met astatic 
agents . The particular metal ions likely to be effective 
are AgVAuS Au 2 *, Pd 2 *, Pd«*, Pt 2 * and 
Pt* * ♦ 

30 At the same time, inventors have demonstrated that 

the compounds of the invention are less effective 
anti-coagulants than when in an uncomplexed form. 
Therefore, given the long term therapy associated with 
treatment of such inflammatory joint diseases,, this 

35 reduction in anti-coagulant activity is of significant 
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benefit. 

» Moreover, it has been found that the compounds of the 
invention are capable of stimulating mitosis and DNA 
synthesis in a variety of connective tissue cell lines. 
5 (e.g. fibroblasts, chondrocytes, f ibrochondrocytes ) and 
together with their ability to promote matrix component 
(proteoglycan, hyaluronate and collagen) biosynthesis are. 
of immense benefit in the healing and repair of damaged 
tissues. Examples of these useful biological properties 
10 are provided. 

rr , rnrn r1n n p»i Y «ui P hnt- pm Y «««rnwrid» - Metfl1 ^°i"P l e * ea 

These are prepared from the polysulphated 
polysaccharides which may be obtained from commercial 
sources e.g. dextran sulphates MW 5000 or 8000, Sigma 
15 Chemical Co., St. Louis, Mo., U.S.A., pentosan 

polysulphate (SP54") Benechemie, Arzneimittell, Munchen, 

F R G 

* Chondroitin polysulphate (Arteparon" , Luitpold 
Werk, Munchen, F.R.G. or by sulphation of commercially 

20 available polysaccharides e.g. xylans (Sigma Chemical Co. 
St. Louis, Mo. U.S.A., Fluka Chemical Co.,. Switzerland? 
dextrans, chitin, and amylose from Biocarb Chemicals, 
Lund, Sweden, or sulphation of polysaccharides isolated 
from natural source as described by Wilkie, Advances 

25 Carbohydrates, Chem. and Biochent. 1£, 215-264 (1970), or 
Whistler and Richards in "Hemi cellulose" in Carbohydrate 
2nd Ed. Vol II A (1970) Ed.- Pigman fi Horton, Academic 
Press or other reviews describing their extraction and 
purification. 

30 (A) finlr halHnn nf P^vsacnhar i dQa 

Dry, commercially available xylan (from larchwood, or 
oat spelts, Sigma Chemical Co., St. Louis, Mo, U.S.A.), or 
as isolated from other sources as described by Whistler 
35 and Richards in the "Hemicellulose in the Carbohydrates" 
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2nd Ed. vol". -HA (1970) Eds. Pigman S Horton,- Academic 
Press, is sulphated by adding with rapid stirring to 
cooled chlorosulphonic acid in dry pyridine using the 
general method of Ricketts in Biochem. J. 51, 129-133 
(1952). The xylan-chlorosulphonic-pyridine mixture was 
maintained at 65° for 6 hours, cooled and poured with 
vigorous shaking into crushed ice. A strong (40% w/v) 
NaOH solution was then added until the solution reached 
P H7. The solution was filtered and ethanol added to 
precipitate the crude polysulphated xylan as a syrup. The 
syrup was separated, redissolved in water and subjected to 
a series of ethanol/water precipitations to afford a final 
syrup which was dissolved in water (pH = 2.0) and dialysed 
• against water. The non-dialysable salt free polysulphated 
15 xylan was then obtained as the sodium salt by 

lyophilization. This sulphation method is essentially 
that described by Ricketts (ibid) for the preparation of 
the sodium salts of the dextran pdlysulphates . 
Fractionation of the sulphated xylan into the desired 
molecular sizes was then achieved by dissolving the sodium 
salt in a buffer of high ionic strength of 0.5 MNaCl and 
subjecting the solution to gel filtration chromatography 
using Sephadex G75 or Sephacryl G200 columns. Alternative 
methods of fractionation include high performance liquid 
25 chromatrography, membrane filtration, or hollow fibre 

techniques e.g. using Amicon RA 2000 system with 10,000 MW 
cut off filter or ion exchange chromatography using the 
method described by Doctor and Sauls in Thrombosis 
Research 3U, 573-578 (1983). 
30 ( B) rr™**™ 4 ™ 1 nf * hft suinhatftd Polvsanrhar i de , f.o ttetallo 

filial ate complexes 

B™mp1«-T>re r »»™*<nTi of HH40Y (100% Zing 
^<t.ii H nn) r nKAfi.y (fl-*» anbaiHf.irf.lom and DH40G 
(p.** substitution^ 
35 Mathnd l ; The sodium salt of Xylan polysulphate (as 
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prepared above, or as purchased commercially as SP54" ) 
(50 0 gram) was dissolved in 100 ml distilled water and 
passed down a cation exchange column, such as Dowex 50W-X2 
( 20-50 mesh) which had been previously converted to its 
5 acidic form (H* ) . Sufficient resin was used to ensure 

complete exchange of the sodium ions of the xylan 
^ polysulphate by H* . For 50.0 grams of SF54« 500 grams 
of resin was sufficient. Fractions were monitored for pH 
using a pH electrode and sulphated polysaccharide using 
10 the method of Farndale, Sayers and Barrett in Connective 
Tissue Research 1, 247-248 (1982). The free acid eluted 
from the column in the first 200 ml, these fractions were 
pooled and an aliquot converted directly into the zinc 
• complex by neutralation with an equivalent molar amount of 
15 a zinc salt. By using a basic zinc salt (e.g. Zn Acetate) 
the end point of this neutralisation can also be 
determined potentiometrically. 

The mixed sodium- zinc -Xylan polysulphate complexes 
(DH40G and DH40J) were obtained by adding to the Xylan 
20 polysulphate free acid solution the appropriate amount of 
a solution containing the «*♦♦ and Na* ions in the 
required proportions. Again the acetate salts of these 
metals was used since the change of pH for neutralisation 
was easy to monitor. Any combination of salts in any 
25 proportions can be produced by this method but in some 
cases the salts of the polysulphate polysaccharides 
precipitate. This occurred for the Ba + + and Pb" 
complexes of Xylan polysulphate and dextran 
polysulphates . In contrast the Zn~ complexes were 

30 highly water soluble. 

M^hftd 2 , The free acid form of the xylan polysulphate 
prepared as described in Method 1 was passed down a cation 
exchange column (e.g. Dowex 50W-X2, or Duolite C25), which 
had been converted to the cationic form required for 

35 exchange (e.g. Zn**, Mg**, Cu**, Ca** etc.). The 
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metal sulphated xylan complex was.eluted from the column 
with distilled water and fractions monitored using the 
Famdale, Sayers and Barrett method described in Method 1. 
K^vinri 3 : A cation exchange resin generated as the H* 
form was converted into the metal ion form by 
equilibrating with at least two bed volumes of the salt of 
the metal (e.g. Zn SO* , CuSO t , MgS0 4 , CaSO, ) . 
Complete conversion was achieved when no more H* was 
eluted from the column. Unexchanged metal ions were then 
completely washed from the column. It is essential to be 
certain at this step that no free H* form remains in the 
resin. The sodium salt of the sulphated polysaccharide 
was then passed down the column eluting fractions with 
distilled water, whilst monitoring for sulphated 
polysaccharides. (Famdale et al ibid) and the metal using 
appropriate assays (e.g. Cu~ spectroscopically, Zn" 
by atomic absorption spectroscopy) . The metallo- 
polysulphated polysaccharide complexes can then be 
isolated from the collected pooled fractions by 
lyophilization or ethanol precipitation. 

However, with the latter method the required complex often 
precipitates as an oil and requires agitation and cooling 
for crystallisation to be induced. 
rv^Ttnati Hn rnmnT Pvar i on Formation 
25 (a) fltfmri" ah^T**™ 1 spectroscopy 

Previous analysis of the sodium salts of pentosan 
polysulphates (e.g. SP54« ) had demonstrated that even 
under exhaustive conditions the maximum sulphate 
substitution obtained was on average 1.8 esters per 
30 repeating unit. The reasons for this are unclear but 
since these molecules are polydispersed systems derived 
from natural sources the number of "hydroxy groups 
available for substitution may be variable. However for 
the purposes of analysis it is customary to make allowance 
35 for this in the empirical formulae. Thus the empirical 
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formula of DH40Y, which was the fully substituted zinc 
pentosan polysulphate derivative would be 

(C 5 Hi0 9 . 2S, . 8 Zn 0 . 9 )n . 

where n - 17 to give the experimentally determined 
- m olecular weight mean average {(K) of 5 , 564. 

Is can be seen from Table 2, the experimental derived 
zn value of 17.9% is in reasonable agreement with the 
calculated value of 17.2% bearing in mind that the 
empirical formula for these naturally derived polymers is 
10 less precise than for totally synthetic molecules. The 
mixed salt (Zn— /Ha*) systems DH40J and DH40G were 
analysed for Zn content and from these values the 
empirical formula was calculated (see Table 2). 
. (h) fiii-™».<fm chromatography 
15 An acid washed (to remove bound zinc) precalibrated 

column (20 cm x 0.6 cm) of Sephadex G25 was equilibrated 
for 24 hours with 50mM Hepes/NaOH buffer pH 7.0. One ml 
of a solution of DH40G made up in the elution buffer 
(1.0 mg/ml) was applied to the column at a flow rate of 
20 10 ml/hour. Fractions collected were monitored for 

sulphated xylan using the Famdale assay as described in 
Connective Tissue Res. £, 247-248 (1982) and for zinc 
using atomic absorption spectroscopy. As is evident from- 
Figure 4, the majority of zinc eluted in the void volume 
25 fractions (V. ) of the gel filtration column also 

corresponds to the maximum sulphated xylan absorption 
measured by the Famdale assay. Under the elution 
conditions used, '^associated zinc ions would haye eluted 
at V t of the column. 

i^rproton decoupled spectra (50.1 MHz) of SP54 
and metallo complexes in D 2 0 were obtained on a Jeol 
FX-200 FT spectrometer. Samples were dissolved as iu • 
(w /v), aqueous solutions. Only Milli-Q deionised water 
35 was used to avoid foreign cation contamination of samples 



WO 88/07060 



29 



PCT/AU88/00077 



10 



15 



20 



25 



30 



35 



Solutions PD=7.0 which contained an internal standard (xn 
a co-axial tube) of acetonitrile. The sample temperature 
was 37-", spectral width 10 KHz and 16K data points were 
used. Chemical shifts of ring carbon atoms were 
determined relative to the internal standard and were 
presented as parts per million (pp.). Differences between 
chemical shift, values were express in * Her* unxts (AH*). 

As is evident from Table 3 the " C-chemical shifts 
for the pentose ring carbons of SP54" , the sodium salt 
of xylan polysulphate are different to those obtained for 
the divalent metal complexes. These differences were more 
readily appreciated by using the A Hz values, which were 
derived as the difference between the chemical shift of a 
particular carbon in SP54" and the same carbon of the 
metallo complex (Table 4). For the fully substituted zinc 
complex DH40Y it can be seen that the greatest increase xn 
shift difference ( A Hz) occurs for carbons 4, 2 and 5 
where electron deshielding occurs. In contrast carbons 1 
and 3 are shielded (-ve shift) relative the. same atoms of 
SP54R . These data indicate that the zinc atom^in DH40Y 
roU st reside in a position which is close ( < 41) to carbon 
atoms 4, 2 and to lesser extent 5, but further away from 
carbons 1 and 3. The magnitude of these shifts was 
dependent on the degree of zinc substitution in the 
complex, for as shown in Table 4, the 83% (DH40J) and 8.5% 
(DH40G) had lower A Hz. From these results we may 
conclude that as more sites in the pentosan polysulphate 
molecules are occupied by zinc atoms, the conformation 
changes to make the binding tighter. 

While the magnesium complex of pentosan polysulphate 
showed similar chemical shift trends to the zinc 
derivatives, the changes were less marked indicating that 
the "molecular fit- and atomic interactions were less 
effective than in the Zn** complex. 

Using the information shown in Table 4 and molecule 
models of part of the pentosan polysulphate chain, it is 
possible to predict the site most likely occupied by the 
zinc and magnesium atoms. This is shown diagramatxcally 
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Thane* in chemical shift ( A Hz) ""tosan polysulphate 

(SP54 R 1 ring carbon |3C resonances caused 
hy progressive replaceme nt of rta by Zn, Mg, Ca and Cu 




Compound 



DH40Y (100% Zn) 



I DH4QJ (83* Zn) 



DH40G (8.5% Zn) 



DH70 (100% Mg) 



0H5O (100% Ca) 
DH80 (100% Cu) 



A Hz of Ring C relative to SP54 



8.5320 



7.3146 



0.0 



8.5320 



-113.3362 



- 89.3984 



+20.7214 



+15.8466 



+ 7.3146 



+14.6242 



-52.8355 



■20.3560 



-12.1893 



8.5320 



+ 28.0310 



+ 18.2815 



-12.1893 



+15.8416 



+12.6102 



+ 8.5320 



+ 17.0591 



+ 4.8747 



+ 3.6523 



+ 3.6523 



-141 .3672 



-115.6609 



+115.7711 



+1 68.8971 



Note: -Ye shi 



ft - shielded +Ve shift ■ deshi elded 
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13 C-NHR chemical shift values (PPM) for sodium pentosan 
nnlvsulphate (SP54 R ) and some divalent metal complexes 




Compounds 



SP54 R (100% Na) 
DH40Y (100% Zn) 



DH40J (83% Zn) 
DH40G (8.5% Zn) 
0H70 (100% Mg) 
0H50 (100% Ca) 
DH80 (100% Cu) 



Ring Carbon Shift (PPM) 



1 



99.6455 
99.4752 



99.4995 
99.6455 
99.4752 



73.4232 



73.8368 



73.7395 



73.5692 



74.5422 



74.289 



74.3719 



74.5422 



72.9854 



73.5449 



73.3503 



73.1857 



59.3635 



59.4608 



59.4364 



59.4364 
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in Figure 3(A) where electron donation from the sulphate 
o^ attUed to the 2 and 3- positions of ad ja cent 
"as veil as the lone pair electrons on the 1-4 oxygen 
glycosidic bond and pentose ring oxygen all contribute to 
5 the stabilization (Chelation) of the metal complex. 

On the other hand, for the calcium and copper 
complexes with pentosan polysulphate (DH50 and DH80, 
, Table 4) the pentose ring carbon atoms which were 
nfluencid by the metal were quite different. For these 
10 metallo complexes, the 1, 2 and 4 «~ T"^^ 
shielded whereas carbons 3 and 5 were desh.elded. This 
indicates that for DH50 and DH80 the metal atoms are 
^ahtly located in positions close to the carbons 3 and 5 
rolooslte side to zinc). Such a situation would occur as 
15 Ihir in MU 3(B), and it is contended that for these 
complexes, sulphate esters in the pentose 2 and 3 
positions of the same ring as well as electrons on 
r^osidic ring oxygen are involved in chelation Since 
the spectra of DH50 and DH80 sharpen on raising the 
20 temperature, it is concluded that chelation increases with 

molecular agitation. 

It is clearly evident from the data presented in 
Table 4 and Figure 3 that the position occupied by the 
multivalent elements in forming complexes with the 
25 sulphated polysaccharides is critically dependent upon the 
ionic radius of the atom and its electronic 
configuration, while the conformation and flexibility of 
the suited polysaccharide must also contribute to the 
stability of the italic complexes, it is import ant to 
30 note that the present experiments indicate that chelates 
so formed may have overall preferred conformations^ 
are different to that of monovalent salts (e.g. Na , 

K* NHa + etc ♦ ) • * 
' it is this change of conformation and presentation of 

35 functional groups to receptor sites on enzymes and cell 
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surfaces that render the multivalent complexes so 
different to monovalent species. Examples of such changes 
are given in the biological activity section. 

The binding strength (dissociation constant) of the 
5 zinc pentosan polysulphate complexes DH40Y and DH40J 
relative to sodium (SP54» ) was also investigated by 

1'C-NMR (Table 5) . 

Addition of NaCl to a solution of SP54" in water 
produced an overall decrease in "C chemical shift 

10 values (Table 5). This arises from a change in 
conformation of the molecules due to the increased 
flexibility. As can be seen from Table 5 the most 
pronounced change occurs at 1.25M NaCl. In contrast the 
chemical shift changes of DH40Y were much less affected by 

15 the addition of NaCl indicating small conformational 
change in the presence of competing Na* ions. This 
suggests that even at 1.25M NaCl the zinc ions were not 
readily displaced from their sites on the polysulphated 
polysaccharide. 

20 m -1~ T""* *™»rti« of tn* PolYniim n tM PolY^chande, 
Mntnl rompl fixes 

(A) TnnIM**™ muHwn aritnulOHTfft HnnW (ARB) *V 
pf n ^n«, a n P o iY«.vT r h a i-- fl mm-hIIo complexes 

The objectives of these experiments were to 

25 determine :- 

(1) the relative inhibitory activity fo some of the 
metallo pentosan polysulphate complexes prepared; and 

(2 ) to demonstrate that, the inhibitory activity produced 
by these complexes did not result by simply mixing various 

30 proportions of pentosan polysulphate sodium salt with zinc 
ions (see Lukas et al U.S. 4465666, EP 12115). 

The experiments performed were as follows :- 
( a) HGE prepared according to the method of Andrews et al 
35 (Chem. Biological Int. 12, 157, 1983) was used to degrade 
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Influence of sodium chloride on the change in C-chemical shift 
values (A Hz) for the ring carbons of sodium p entosan polysulphate 
(SP54 R ) and pentosan polysulphate zi nc complexes (DH40 series) 



Compounds 


Ri na 


Molarity of NaCl 




Carbon 


0.25 


0.5 


0.75 


1.0 


1.25 




1 


-4.8747 


- 6.0922 


- 7.3096 


-10.9669 


-1 3.4U0S 


SP54 R 


2 


-2.Z174 


- 7.2174 


-12.4399 


-17.2174 


-21 .4399 


(100% Na) 


3 


-4.8747 


- 8.5320 


-12.1893 


-15.8416 


-20.7164 


4 


-1.2174 


- 4.4399 


- 7.2174 


-12.4399 


-15.0654 




5 ' 


-4.8747 


- 4.8747 


- 4.8747 


- 4.8747 


- 6.0972 




1 


0 


0 


- 2.4349 


- 2.4349 


- 7.3096 


DH40Y 


2 


-5.5270 


- 9.7495 


-10.9719 


-10.9719 


-1 2.1893 


(100% Zn) 


3 


+4.0747 


+ 2.4399 


0 


- 2.4349 


- 4.8747 


4 


-9.6757 


-13.4068 


-13.4068 


-13.4068 


-12.1893 




5 


-1.2174 


- 3.6573 


- 3.6573 


3.6573 


- 4.5240 
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the synthetic specific substrate for this enzyme - 
(succinyl-dialanyl-valyl nitroanalide (SAAVNA) ) . 
inhibition was determined over a range of concentrations 
and the 50% inhibitory constant (IC 50 ) value determined 

5 as the concentration of drug (ug/ml) which produced 50% 
inhibition of 1.0 ug HGE using 0.2 mM phosphate / 0.1% BSA 
/ 0.0255 Triton X100 / 5% DMSO pH 7.4 buffer at 37«C. 

inhibition curves for HGE for SP54« , DH40J, and 
DH40Y are shown in Figure 5. As can be seen both zinc 

10 complexes were more potent than SP54" . This was also 

true for DH40G. However, the Cu (DH80), Mg (DH70) and Ca 
(DH50) pentosan polysulphate complexes were of similar 
potency to SP54« (Table 6). 

This suggests that the conformation adopted by the 

15 zinc pentosan polysulphate complexes was capable of 

interacting more effectively with HGE than SP54" . DH40J 
was found to be the most potent HGE inhibitor (Table 6). 

20 ( SP54& - + SnfiChJ nn HGB 

in these experiments the inhibitory activity of 
DH40J, PPS as SP54" and mixtures of SP54" and ZnS0 4 
in various proportions against HGE using the same 
condition as in (a), except that a different enzyme 
25 preparation was used, were investigated. As can be seen 
from Figure 6, DH40J was a more potent inhibitor over the 
concentration range 0.03 ug to 1.0 ug than PPS and PPS + 
Zn- mixed in the proportions of 1:0.18 which is the 
approximate ratio of these components in DH40J. A variety 
30 of ratios of Zn** to SP54« were tested for their 
ability to inhibit the HGE. 

As is evident from Table 7 at all ratios examined 
within the range 1:0.1 to 1.1 the HGE inhibition was not 
substantially different to SP54» alone, and in no 
35 instances comparable to the inhibitory effect produced by 



DH40J. 
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TABLE 6 

THE INFLUENCE OF CATION CHELATION OF PENTOSAN 
POLYSULPHATE (SP54) ON INHIBITION OF HUMAN 
GRANULOCYTE ELASTASE (HGE) . 



Code 



Cation 



IC * 
50 

(Jig/ml) 



Comments 



SP54 

0H40(G) 

DH40(J) 

DH40(Y) 

DH50CA) 

DH60(A) 

DH70(A) 

DH80(A) 



Na 
Zn 
Zn 
Zn 
Ca 
Ba 
Mg 
Cu 



0.249 
0.205 
0.158 
0.197 
0.232 

0.223 
0.249 



8«5%; substitution 
83% substitution # 
100% substitution 

Insoluble 



* HGE inhibition is expressed as the inhibitor 
concentration (/jg/ml) giving 50% inhibition of 
lug HGE/ml using 0.2mM SAAVNA as substrate in 
50mM phosphate/0.1% BSA/0.0255 Triton X100/5% 
OMSO pH 7.4 at 37 ft C. 



# DH40(J) is the most potent HGE inhibitor. 
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<- hr ],i»r>rf. C nnrmlat l Pn T7flf,hwa y s 

Pentosan polysulphate (SP54 R ) is a potent inhibitor 
of coagulation and is sold commercially as a "synthetic 
5 heparin- i.e. a heparinoid. A major gaol for the present 
investigations was to alter the conformation of the 
polysulphated polysaccharides to reduce the anticoagulant 
ability of these macromolecules but maintain their other 
biological properties. As is evident from Figure 7, this 
10 was successfully achieved from the zinc polysulphated 
polysaccharides as exemplified by the DH40 series where 
progressive replacement of Na + by zinc to form the 
complex reduced anticoagulant activity. Since the calcium 
• (DH50) and copper (DH80) pentosan polysulphate complexes 
15 were equipotent with the unsubstituted parent sodium salt 
it must be assumed that the conformation adopted by the 
Ca ++ and Cu* + complexes (see Figure 8) was still able 
to interact with serine proteinase of the coagulation 
cascade. 

20 In order to confirm that the unique biological 

activity induced in the polysulphated polysaccharides was 
due to the compounds synthesised and could not be 
reproduced by simply mixing Zn** and a polysulphated 
polysaccharide in solution various mixtures were made and 

25 tested as anticoagulents . As can be seen from Figure 9A, 
DH40J and DH40T showed reduced anticoagulant activity 
relative to SP54 as determined by prothrombin time using 
normal human plasma. Significantly solutions made from 
Z*+ and SP54 in the same proportion as in DH40J 

30 (0.176:1) and DH40Y (0.22:1) were similar to SP54, but 
quite different to DH40J and DH40Y. Similar results were 
obtained for the corresponding zinc-dextran polysulphate 
complexes (see Figure 9B). 

(C) Fff o^i- s of ™unc on thP tt-1 ttediatH P^rrarintion of 
35 r nrt ,-i* 7 g T fl - v<tro fFJmirwa 10 and 111 
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15 



20 



25 



30 



Fell and Jubb [Arthritis & Rheum. 2H, 1359, (1977)] 
using co-cultures of cartilage and synovial tissue 
explants were the first to report that a factor from the 
synovium caused chondrocytes to degrade their own 
cartilage matrix. This factor was called "Catabolin" and 
subsequently was purified by Saklavala and co-workers 
[Biochem. J. 121, 705, (1981)] and shown to belong to the 
interleukin-1 or IL-1 family of monokines. It has also 
been shown that the synovial type A cells of the synovial 
lining are bona fide macrophages. It is easy to envisage 
some event or situation arising within the joint in which 
the joint synovial cells may become stimulated, even very 
marginally, to produce IL-1. Interleukin-1 has been 
detected in synovial fluid of inflamed joints. A small 
output of IL-1 above normal levels, perfusing cartilage, 
could therefore with time, result in a disturbance in the 
metabolism of articular cartilage with the loss of PGs 
from the matrix occurring as an early event. This could 
lead ultimately to eroded and degenerate cartilage and the 
classical pathology of osteoarthritis. 

An in-vitro model was therefore developed on the 
assumption that iL-l-mediated autolysis of articular 
cartilage was an important component of the pathology of 

osteoarthritis. 

Slices of rabbit knee articular cartilage, 
pre-labelled in-vivo with "S0 4 , were co-cultured with 
macrophages, conveniently obtained from the peritoneum. 
The macrophages produce IL-1 which stimulates the 
chondrocytes to degrade their matrix, releasing 3 5 SO* 
labelled GAGs into the culture medium. Potential 
anti-arthritic drugs, such as the DH40 were tested using 
this model for any propensity to inhibit IL-l-mediated 
cartilage degeneration. Figure 10 illustrates the 
principle of the method used. 
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New Zealand white rabbits, 6-8 weeks old, were 
injected intramuscularly with 3raCi H 2 35 S0 4 a week 
before sacrifice. Similar animals were injected 
intraperitoneal^ with 25 ml thioglycollate medium, to 
recruit macrophages, 48 hours before sacrifice. In a 
typical experiment, the cartilage donor was killed and 
cartilage from the knee joint, including the patella, was 
shaved off with a #11 scapel blade. The resulting 
explants, which were variable in size, were cultured for 
3 days in Ham's P12 medium containing 10% FCS. The 
explants were then washed twice with serum-free medium and 
transferred individually to wells of 24-well tissue 
culture plates. On the same day, the macrophage donor was 
15' killed and macrophages collected by peritoneal washing and 
centrifugation. The test compounds were added to the 
appropriate wells and finally 5 x 10* macrophages were 
. added per well. The final volume was 250 ul of serum-free 
Ham's F12 medium per well. After 3 days incubation the 
20 cultures were terminated. The supematants were collected 
and the wells were rinsed with 200 ul of saline which were 
added to the supernatant. The counts per minute of 
3 5 S0 4 -labelled proteoglycans in these samples 
represented the PGs lost from the cartilage matrix due to 
25 degradation. The explants themselves were solubilised by 
papain digestion and an aliquot of each was counted to 
record the undegraded PGs still retained within the 
cartilage matrix, 
pasiilta 

The results of a typical experiment are shown in 
Figure 11, where it can be seen that DH40 was effective 
in suppressing the IL-1 mediated loss of PGs from 
articular cartilage when either used directly (Macrophage 
conditioned media, MCM) or when co-cultuxed with 
35 peritoneal exudate cells (PEC) . 
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20 



„ili,l nn n nn tlr "rotpomvr^ from 

rnr r n Pr < n n n °r^ wh1 mnfiPl of irit i s 

Intr 1^ d e 1 was originally described by Sin, et 
al j. path. 142, 23 (1984) and Sedgwick A.D. et al Ann. 
Rheum . Dis. 41. 418 (1984) and provides a convenient and 
reproducable method of evaluating the effects of drugs on 
cartilage metabolism in vivo. This model was used to 
investigate the influence of SP54- and DH40J when 
administered into the rat air pouch at 10 mg/kg on the 
loss of cartilage proteoglycans (PGs) induced by an 
inflammatory cell invasion of the pouch. 

ttnt'rr** 1 * anil "of-hoda . 
Air pouches were created on the dorsal surface of 

ma le 200 gm Wistar rats by the initial injection of 20 ml 

of sterile air. Re-injection every second day maintained 

cavity inflation. Articular cartilage (AC) aseptically 

harvested from the knee joints of 10 week old New Zealand 

While rabbits, was implanted into formed 7 day old rat axr 

pouches. Drugs (10 mg/kg), diluted in saline, were 

administered daily into the air pouch beginning the day of 

cartilage implantation. Saline was administered to a, 

control group. Inflammation of the air pouch was achieved 

by the injection of 10 ml of sterile 3% peptone xnto the 

pouch every second day, beginning the day of cartilage 

implantation. Animals were killed 7 days later and air 

pouch fluid (APF) and AC were collected for analysis 

Cells in the APF were stained with crystal violet and a 

total cell count determined. A differential cell count 

was perfomed by cytocentrifugation and staining wxth 

giemsa. Implanted AC (8-10 mgs) was digested by papain 

and PG content was determined by hexuronic acid and 

sulphated glycosaminoglycan (GAG) analysis. PGs -in the 

35 remaining AC were extracted with 4M GuHCl plus protease 
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enzyme inhibitors. Extractability of PGs and their 
ability' to aggregate with exogenous hyaluronic acid (HA) 
20%) was determined by chromatography on Sepharose CL-2B. 
A portion of AC surface was examined by S.E.U. following 
5 dehydration of the speciment in the graded acetone, 
critical point drying and gold coating. 

Both SP54* and DH40G appeared to be equally 
effective in preventing the loss of proteoglycans from 

10 implanted articular cartilage in this pouch model. 

Briefly however it was found that the DH40G prevented loss 
of proteoglycans (PGs) (as measured by uronic acid) 
(Figure 12), maintained PG extractability (Figure 13) and 
aggregation (Figure 14) of cartilage implanted into the 

15 pouch where inflammatory cell numbers were high. Some 
indication of the mechanism of action of these drugs was 
provided by histological examination of the cartilages 
removed from the pouch. It was found that the number of 
inflammatory cells adhering to cartilage of drug treated 

20 speciments was considerably less than control cartilages. 
Since enzymes and mediators of cartilage destruction are 
released by the inflammatory cells into cartilage the 
suppression of their number at the cartilage surface must 
" be considered as a direct beneficial effect. 
2 5 (E) Ff ^f« of ralv«nlTihnt.a fPPS) Pff40Jr ZnSQ, 

nnfl 7tnf= i0<[ + pps r" nw& *w a nniMin synov i a l 

flfr^Mimfc Un« in vita 

Repair of connective tissue, including cartilage in 
osteoarthritis (OA), requires DNA synthesis and 
30 proliferation (mitosis) of cells within the tissue 
matrix. Many non-steroidal anti- inflammatory drugs 
(NSAIDs) and corticosteroids suppress this important 
cellular process and can impair recovery. Complexation of 
the pentosan polysulphate with the multivalent metals was 
35 found to stimulate DNA synthesis over a very low 
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concentration range of the drugs. 

As is evident from Figure 15 at concentrations up to 
100 ug/ml DH40J stimulated the in vitro biosynthesis of 
DNA in synovial fibroblasts derived from OA joints to a 
5 greater extent than PPS (SP54 R )- Moreover as with all 
other experiments tried, solutions containing zinc ions 
and the pentosan polysulphate in proportions comparable to 
that which exist in the prepared metallo polysulphated 
complexes failed to reproduce this powerful effect on cell 

10 macromolecular synthesis. 

(F) fj fff nf SP54B -, pfdn.T and DH40V on proteoglycan 
ft ^vTH-hftg Jg Hy r*b^<t articular chondrocyte 

As discussed above, in chronic OA and allied 
conditions, the extracellular matrix is subjected to 

15 excessive catabolism. Tissue cells need to replicate and 
produce a new matrix to survive and maintain 
functionality. While many drugs including anti- 
inflammatory agents may suppress this process it is known 
(Burkhardt & Ghosh Seminars in Arthritis & Rheumatism 11, 

20 Suppl. 1 3-34, 1987) that the polysulphated 

polysaccharides do not. It was of some interest, 
therefore, to find that the metallo complexes of this 
class of drugs were more potent stimulators of 
proteoglycan synthesis than the sodium salt. The results 

25 for SP54 R DH40J, and DH407 are shown as an example (see 
Figure 16 ) . 

TTm 11RQ o-p poiv s niphat.ed nol vaaccharidpg and the mfttal l Q 
r^lY n ,,1 P ha1:e T »mvfiaccharirigg In combination with 
. nrt1rnf tor<nri fl to &ppnr,&TE t.hA inhibitory effects of the 

30 i^tar on ™n mltos J * »nri macro molecular MoBVTlt . hflB l B 
Corticosteroids are known to suppress connective 
tissue cell mitosis and biosynthesis of matrix components, 
e.g. collagen, proteoglycans and hyaluronic acid (HA), 
these macromolecules are essential for normal bodily 

35 functions and health. 
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in this study It was shown that SP54" and to a 
greater extent DH40 J could prevent the deleterious effects 
of hydrocortisone on in vitro synovial fibroblast 
biosynthesis of hyaluronic acid (HA) . The results 
obtained are summarized in the following figures. 
g< T ir» 17 - shows with increasing concentration of 
hydrocortisone, HA biosynthesis is progressively inhibited. 
TMmira IS - shows concentration effects of DH40J on HA 
biosynthesis by synovial fibroblasts. 

v.-^rp 19 - shows partial restoration of HA synthesis by 
synovial fibroblasts by SP54 when cells exposed to • 
hydrocortisone at 10- 4 M. 

iH T ir« 20 - shows complete restoration to control values 
produced by SP54 when the concentration of hydrocortisone 
used was reduced to 1 x 10" 8 M. 

v< T ,r* 21 - as for Pig. 22 but DH40J used instead, 
hydrocortisone 10" 6 M. 
yT^T-A 22 - as for Figure 22 but DH40 used instead, 
hydrocortisone at 10" 8 M. 
20 Although reference has" been made to the utility of the 

compounds of the invention in treating osteoarthritis and 
rheumatoid arthritis, other disease states that could be 
usefully treated include, bursonitis, tendonitis, 
tendovaginitis and related soft tissue inflammation; 
25 wounds and the healing of burns? skin repair, acne and 

other dermatological acute disorders; topical application 
for superficial thrombosis, haematoma, ulcus crusis, 
softening of scars; topical anti-viral and pancreatis, 
emphysema and bacterial invasion where excess proteolytic 
30 activity occurs. 
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1. A multivalent metal, Ag* , Au + or quaternary 
ammonium complex of a polysulphated polysaccharide 
selected from the group consisting of dextran, xylan, 
chondroitin, dermatan and hyaluronic acid. 

2. A complex as in claim 1 wherein the metal is selected 
from Ag', Au* , Kg»*, Ba**, Pb* + , Cu»* , 

Zn'*, Au**, Pd**, Pd**, Pt 2+ and Pt**. 

3. A complex as in claim 2 wherein the metal complex 
includes a proportion of monovalent ions. 

4. a compound as in claim 2 or claim 3 wherein the metal 
is Zn 2+ and the polysulphated polysaccharide is xylan 
polysulphate. 

5. a complex as in claim 4 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons, and a sulphur content of about 16%. 

6 . a complex as in claim 1 wherein the quatenary 
ammonium compound is selected from pyridixium chloride, 
cetylpyridinium chloride, N-Cetyl-N,N,N-trialkylammoiiium 
chloride or their derivatives. 

7. A composition suitable for treating arthritis and 
allied inflammatory or degenerative joint diseases 
comprising a pharmaceutical^ acceptable carrier and at 
least any two of the compounds selected from the group 
consisting of hyaluronic acid or water soluble salts 
thereof, corticosteroids and compounds capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage. 

8. A composition as in claim 7 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof, a corticosteroid and a 
compound capable of maintaining the integrity of 
connective tissues, particularly joint articular cartilage 

9 . A composition as in claim 7 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
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water soluble- salts thereof and a cortices teriod. 

10 A composition as in claim 7 comprising a 
pharmaceutical^ acceptable carrier, hyaluronic acid or 
water soluble salts thereof and a compound capable of 
maintaining the integrity of connective tissues, 
particularly joint articular cartilage. 

11 A composition as in claim 7 comprising a 
pharmaceutical^ acceptable carrier, a corticosteroid and 
a compound capable of maintaining the integrity of 
connective tissues, particularly joint articular cartilage. 

12 A composition as in any one of claims 7 to 10 wherexn 
the hyaluronic acid or water soluble salts thereof are of 
relatively high molecular weight. 

13. A composition as in any one of claims 7 to 9 or claim 
11 wherein the corticosteroid is selected from the group 
consisting of hydrocortisone, prednisolone and 
triamcinolone as water soluble derivatives. 

14. A composition as in any one of claim 7 to 11 wherein 
the compound capable of maintaining the integrity of 
connective tissue is a polysulphated polysaccharide 
selected from the group consisting of xylan polysulphate , 
dextran sulphate, heparin, and those derived from 
chondroitin, keratan, dermatan, chitin, starch, 
amylopectin, cellulose, amylose, alginic acid, pectin, 
insulin and hyaluronic acid. 

15. A composition as in claim 14 wherein the 
polysulphated polysaccharide is xylan polysulphate or 
dextran sulphate. 

16 . A composition as in claim 15 wherein the xylan 
polysulphate has an average molecular weight of 6000 
Daltons and a sulphur content of about 16%. 

17 . A composition as in claim 14 wherein the 
polysulphated polysaccharide is a heterogeneous 
semi-synthetic glycosaminoglycan polysulphate in which 
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about 93% of the disaccharide repeating units is hexuronic 
acid glycosidically linked to galactosamine, the sulphur 
content is about 13.0% and the molecular weight is about 
10,000 Daltons. 

18. A composition as in any of claims 7 to 11 wherein the 
compound capable of maintaining the integrity of 
connective tissue is a compound as claimed in any one of 

claims 1 to 6. # 

19 A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
administering to an affected joint, an effective amount of 
a composition as claimed in any one of claims 7 to 18. 

20 A method for the treatment of arthritis and allied 
inflammatory or degenerative joint diseases, comprising 
administering to an affected joint, an effective amount of 
a compound as claimed in any one of claims 1 to 6. 

21 A method for the treatment of tumours, comprising 
administering to an animal having a tumour an effective 
amount of a compound as claimed in any one of claims 1 to 

22 A method of inactivating a virus, comprising 
contacting the virus with an effective amount of a complex 
as claimed in any one of claims 1 to 6. 
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